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Proceedings of the Four Hundred and Twenty-ninth 
Ordinary General Meeting of the Institution, 
held in the Rooms of the Institution of Civil 
Engineers, Great George Street, Westminster, 
on Thursday evening, November 9, 1905—Mr. 
ALEXANDER SIEMENS, President, in the chair. 


| 


The minutes of the Ordinary General Meeting held on May 26, 
1005, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been ap- 
proved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 
Frank Pickering. 


From the class of Associates to that of Associate Members— 


Louis H. Bainton. Charles William Hill. 
Albert Battersby. Gerard Ogilvy Nevile. 
Thomas F. C. Forster. Matthew Plunkett. 
Sydney E. Glendenning. Reginald P. Russell. 
Charles H. Higgins. Bertram Gurney Stewart. 


From the class of Students to that of Associate Members— 


Michael Chapman. | Thomas Cleminson Evans. 
VoL. 86. 1 


The 
President. 


Sir William 
Preece. 


2 DONATIONS TO LIBRARY, ETC. [Nov. 9th, 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. The Accumulatoren Fabrik A. G., 
А. S. E. Ackermann, The Allgemeine Elektricitats Gesellschaft, Prof. 
R. Arno, Mrs. H. Ayrton, A. H. Bate, A. R. Bennett, A. Blondel, W. H. 
Booth, W. G. Bond, F. Breisig, Charles Bright, F.R.S.E., The British 
Thomson-Houston Co., The British Westinghouse Electric and Manu- 
facturing Co., The Cable Makers' Association, Cassier & Co., W. C. 
Clinton, The Commercial Cable Co., Constable & Co., W. R. Cooper, 
The Cooper-Hewitt Electric Co., J. T. Cornish, Col. R. E. Crompton, 
Crosby, Lockwood & Co., A. C. Curtis-Hayward, W. Duddell, Eclairage 
Electrique, The Electrician Printing and Publishing Co., The Elektro- 
technischer Verein, Berlin, The Engineering Standards Committee, 
Prof. J. Epstein, W. C. Fisher, Prof. J. A. Fleming, Prof. G. Carey 
Foster, Ganz & Co., W. Geipel, The General Electric Co., Harper & 
Bros., Dr. John Henderson, T. E. Herbert, A. Heyland, W. Hibbert, 
F. Hope-Jones, E. Hospitalier, S. Joyce, W. R. Kelsey, C. Kinzbrunner, 
Kórting & Mathiesen, Longmans, Green & Co.; Chambre de Com- 
merce, du Lot ; Macmillan & Co., W. L. Madgen, The Manchester 
Steam Users' Association, F. J. À. Matthews, C. C. Metcalfe, The 
National Physical Laboratory, The New York Public Library, Mervyn 
O'Gorman, Thomas Parker, G. D. A. Parr, W. H. Patchell, The Patent 
Office, Dr. F. M. Perkin, The Physical Society of London, R. V. Picou, 
C. Poggi, T. F. Purves, Prof. W. G. Rhodes, E. S. A. Robson, A. Russell, 
J. €. Sager, E. Sartiaux, The Scientific Publishing Co., T. Sewell, C. H. 
Sharp, Siemens Bros. & Co., Siemens & Halske, C. F. Smith, Prof. 
К. Н. Smith, Société Francaise de Physique, E. & Е. М. Spon, Е. J. 
Sprague, A. Still, A. A. Campbell Swinton, The Technical Publishing 
Co., О. V. Thomas, Prof. S. P. Thompson, Prof. К. Threlfall, The 
Union Carbide Co., The United States Weather Bureau, E. J. Wade, 
H. Laws Webb, Joseph Wetzler, and Whittaker & Co. ; tothe Building 
Fund from Messrs. F. W. Dalton, E. Hutchinson, C. F. Proctor, F. H. 
Webb; and to the Benevolent Fund from Messrs. С. Allom, К. V. Boyle, 
W. W. Cook, H. M. Darrah, E. W. Edwardson, The Electrical 
Engineers' Ball Committee, A. F. Harris, C. H. Kempton, W. E. Lang- 
don, G. Marconi, The T. C. Martin Dinner Committee, H. W. Turner, 
F. H. Webb, P. A. Yapp, to all of whom the thanks of the meeting were 
duly accorded. 


Mr. ALEXANDER SIEMENS presented the Premiums and Scholarships 
referred to in the Annual Report of Council for the year 1905. 

Mr. Siemens then vacated the Presidential chair, which was taken 
by Mr. John Gavey, the new President. 

The PRESIDENT (Mr. John Gavey): Gentlemen, my first duty as 
President is to ask Sir William Preece to be good enough to move a 
resolution. 

Sir WiLLIAM PREECE, K.C.B. (Past-President) : Gentlemen, it gives 
me the very greatest pleasure to propose a vote of thanks to Mr. 
Alexander Siemens for his conduct in the chair during the past year. 
I can speak from experience of what he has done in the interests of 
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the Institution six thousand miles away. We visited South Africa 
together as members of the party of the British Association. He has 
travelled over twenty thousand miles. During the whole of that time 
it seemed to me that Mr. Alexander Siemens’ ideas were almost entirely 
centralised at home, and the subject of our conversation was over and 
over again the work connected with this Institution. I know well that 
whatever he does he does well, and he has always presided over the 
meetings as a good chairman should preside. It gives me the greatest 
possible pleasure to propose that it be resolved : “That the best thanks 
of the members of the Institution of Electrical Engineers be given to 
Mr. Alexander Siemens for the very able manner in which he has filled 
the office of President during the twelve months, 1904-5." 

Professor W. E. AYRTON : The last time Mr. Siemens and I met 
together in a public meeting was at Johannesburg, and there the duty 
was the other way about : he proposed a vote of thanks to me, so clearly 
it is my duty to express on this occasion not merely our thanks as a 
body for the able way in which he has presided at the meetings held in 
this room and at the Council meetings in the offices of the Institution, 
but also to express my personal thanks to Mr. Siemens for what he said 
about myself seven thousand miles away. I therefore have the greatest 
pleasure in seconding the resolution. 

Mr. ALEXANDER SIEMENS : Mr. President and gentlemen, I will not 
take up your time by making a lengthy reply. I am extremely obliged 
to you for the very kind manner in which you have been pleased to 
express the thanks of the Institution to your retiring President. I hope 
I may take it as an indication that my conduct in the Chair has met 
with your approval, which is what the President should always endeavour 
to obtain. 

'The PRESIDENT then delivered his Inaugural Address. 


Sir Sedan 
Preece 


Professor 
Ayrton. 


Mr. Siemens. 


4 GAVEY: INAUGURAL ADDRESS. [ Nov. 9th, 


INAUGURAL ADDRESS 
By JOHN GAVEY, C.B., President. 


In tendering my thanks for the high honour you have conferred on 
me, may I say that I fully recognise that I have been selected as a 
representative of the great body of Telegraph Engineers, the original 
founders of this Institution, as well, perhaps, as a representative for the 
time being of the new and growing telephone industry, rather than 
because of any merits of my own. Under the circumstances, and in 
view of the fact that these industries have not been reviewed recently, 
I propose with your permission to attempt that task in my address. 

One of the penalties attached to advancing age, whether of in- 
dividuals or of institutions, is the periodical loss of old friends or 
co-workers in the field in which we are labourers. Last year the 
President had to announce the loss by death of Major-General 
Webber. This year it is with deep regret that I have to refer to 
the death of Mr. W. E. Langdon, one of our earliest members, for 
some time Secretary and later President of the Institution. It was my 
good fortune to be closely associated with him from the early sixties, 
and I need scarcely say to those so well acquainted with his work as 
the members of this Institution are that in his death we have lost one 
of the able, energetic, and upright of our colleagues. 

Another well-known figure in the telegraphic world has also passed 
away in the person of the late Mr. Gerhardi, a gentleman closely asso- 
ciated with cable enterprise, he having formed one of the group of 
pioneers connected with the 1856 Atlantic cable, and later having been 
for a long period the General Manager of the Direct Spanish Cable 
Company. | 

Before I commence the main subject of my address, I may perhaps 
refer to one of two questions in which the Institution is largely in- 
terested, and in which its members are taking an active part. Dealing 
first with the Engineering Standards Committee, and more especially 
with the important work entrusted to the Committee on electrical plant, 
the latter has appointed Sub-committees to consider the following 
subjects :— 


. Generators and motors. 

. Transformers. 

Prime movers for electrical purposes. 
. Physical standards. 

. Telegraphs and telephones. 

. Cables. 


Auf WN н 
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7. Electrical tramways. 

8. Electrical nomenclature. 

g. Electric automobiles. 

то. Electrical plant accessories. 
II. Publications and calculations. 


Some of these Committees have reported, and all the work is well in 
hand, but it necessarily in many cases can only progress slowly if it is 
to be of a permanent character. It is difficult to overestimate the 
advantages, both to the profession and to the public, that will ultimatelv 
result from the labours of these Committees. Again, in reference to the 
proposals made at the Electrical Congress held in St. Louis last year, to 
the effect that the revision of the existing clectrical standards should be 
undertaken, and that an endeavour should bc made to arrive at an in- 
ternational agreement on the subject of the standardisation of electrical 
nomenclature and rating of machinery, you will be glad to hear that 
the preliminary steps have been taken to carry out the views of thc 
Congress, and it is to be hoped that satisfactory conclusions will 
ultimately be arrived at. 

The art of telegraphy considered in its broadest sense as a means of 
conveying intelligence over distances beyond the reach of the human 
voice may be classed under three different heads :— 


I. The communication of a limited number of definite orders or 
items of information by certain prearranged arbitrary signals. 
Under this heading may be included railway signalling, 
lighthouse signals, fire-alarms, and other kindred uses. 

2. Communication of all classes of information by means of 
alphabets, either arbitrary or those in common use, including 
semaphore and flag-signalling, Morse and other signals, 
printing and writing telegraphs. 

3. Communication by actual exchange of speech, the telephone. 


TELEGRAPHS FOR SPECIAL REQUIREMENTS. 


Under this heading, one of the most important of the applications 
of telegraphy is that of directing and controlling the movements of 
trains on railways. For this purpose a modification of the old sema- 
phore telegraph was introduced in the early railway days mainly for 
the protection of traffic at stations and crossings. The range over 
which a mechanical semaphore can be worked is about 1,000 yards 
as а maximum, and the introduction of electricity for the working of 
telegraphs was soon followed by the invention of electrical miniature 
signals or indicators, placed in railway cabins from which the outdoor 
manual signals were worked in accord with the indications recorded 
electrically. By this means the range of the signals was extended so 
as to cover the whole length of a section, and this led to the practical 
introduction of the block system of working traffic. Successive im- 
provements in the electrical apparatus have been introduced; for 
example, on single lines this apparatus is now associated with the train 
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staff or tablet, without which no driver is allowed to enter a section of 
line, and as a second staff or tablet can only be withdrawn at the far 
end when the first train has arrived, the possibility of two trains 
meeting on a section is obviated. Repeaters of various types which 
show the position of points, the indication of signals, the presence or 
absence of trains in defined localities, and other information, keep the 
signalman advised of all the facts with which he should be acquainted, 
and it is not too much to say that the safety and regularity with which 
the heavy railway traffic in this country is conducted is largely due to 
the work of the electrical engineer. Lately definite advances have 
been made in two directions in this field of applied electricity. In the 
first, complete electrical systems of actuating points and signals have 
been introduced, the apparatus providing interlocking gear and 
indicators which give the signalman positive information as to the 
position of every point and signal ; the working being easy, rapid, and 
apparently reliable in so far that every eventuality and cause of trouble 
appears to have been foreseen and provided against. This method 
admits of working points and signals at distances far in excess of the 
manual system, such distances, in fact, only being limited by conside- 
rations of safety and convenience, and the heavy and cumbersome lines 
of levers that under old methods could in many cases only be worked 
by the full exertions of the signalman's strength can now be replaced 
by miniature levers which only need intelligence to work them. 

In another direction, automatic methods have been designed for 
working outdoor signals directly by the action of the train itself, its 
entry, continuance in and exit from a section being faithfully followed 
by the appropriate movements of the semaphores. In one system sets 
of batteries consisting of a few cells are connected across the running 
rails in each section, and in all sections thatare clear, the corresponding 
batteries actuate relays which, either through the agency of compressed 
air or by means of electro-motors, move and retain the semaphores at 
“ Line clear." The entry of a train into a section short circuits the 
local battery, the relay tongue is withdrawn by its retractile spring and 
the signals are automatically placed at danger. 

In a recent journey across the American continent, where hundreds 
of miles of desert are traversed by single lines of railway, with numerous 
sidings for the crossings of trains, I watched with great interest the 
perfect and regular working of the signals without the direct inter- 
vention of human agency. Each section was, of course, guarded by 
two signals, one for the up and one for the down traffic. As the train 
left one section for another, the signal guarding the former moved 
from danger to clear, whilst that guarding the latter moved from clear 
to danger. This method, of course, involves the necessity for bonding 
the rails throughout, although others have been designed which are 
actuated through special conductors. Automatic signals appear to 
meet a definite want on certain classes of railway, although no doubt 
the day is far distant when the trained signalman will be dispensed 
with at complicated junctions and stations. It is not too much, 
however, to say that without the various methods of electrical control 
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that have been devised and which аге іп general use, it would be 
utterly impossible for the great railwavs of the world to carry one-half 
the traffic they are now dealing with daily with safetv and despatch. In 
this branch of electrical work steady progress is being made, and 
apart from the question of haulage the extension of the methods of 
electrical control will probably be considerable in the immediate 
future. 

Fire-alarm signals have within the last few years assumed a position 
of considerable importance, owing to the growth of great cities, the 
increasing height of commercial buildings, and the large quantities of 
combustible material necessarily stored in the great centres of popula- 
tion. Starting from a simple alarum which was merely the old fire-bell 
worked electrically, complete svstems of fire-alarms and indicators 
have been devised, which, when actuated from any given point, give 
the appropriate signals at all the fire-stations concerned, and admit of 
a rapid concentration of the necessary fire plant at any given spot in 
an incredibly short space of time. America has been in the past, and 
probably still is, in the forefront in the matter of firc-alarms appliances, 
and in my recent visit to that country I witnessed one example of the 
alacrity with which fire-engines can be called to any given spot. We 
had been visiting a number of Telephone Exchanges in New York and 
neighbourhood, and were motoring down one of the long avenucs 
on Manhattan Island. As we passed one shop, I noticed that some 
children leaning out of a first-floor window had just set fire to the 
canvas sun-blind, which was burning over an arca of half a square yard, 
so that it had only just been set alight. Before we had got out of sight 
of the burning blind, we were passed by a steam fire-engine, a fire- 
escape, and a hosc-recl. 

For the purpose of transmitting defined but limited items of informa- 
tion, for special instructions, or for making demands, innumerable 
electrical appliances have been designed, but there is a general tendency 
to replace such apparatus by telephones which siinply extend the range 
of speech the natural method of intercommunication to any distance, 
and which render these subsidiary aids unnecessary. 


ORDINARY TELEGRAPHS. 

In considering the question of ordinary telegraphy, it may almost 
be appropriate to apply to it the old adage, “ Blessed is the country 
that has no history,” if this be interpreted as signifying freedom from 
subjects of heated debate, or controversial troubles, financial or political, 
which so frequently retard the development of new enterprises, it being, 
however, understood to imply steady progress and the full growth that 
is necessary to meet the requirements of the public and to spread the 
civilising influences of modern life into the dark corners of the world. 
Telegraphic statistics have been furnished on previous occasions in 
presidential addresses and in papers presented to the Institution, and 
it may not be amiss here to compare former figures with those now 
available. 

First dealing with telegraphs for the use of railways in the United 
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Kingdom, I am able, through the courtesy of the various Companies, to 
submit a table which illustrates the growth since the year 1879, up 
to which date definite information was supplied in a paper read by the 
late Mr. E. Graves in May, 1880. 


Comparison of iine e ii Telegraphs in 1879 and in kii 


1879. 1904. 


62,0094 . 161,741} 


ғ 
Mileage of poles ... T ee sis ce eee 14,889} 19,4844 


» yy, Wire 
Number of telegraph instruments 13,128 19,978 
із telephone » Nil. | 27,980 
ы block 5 22,411 | 56,176 
» repeateror signalinstruments 11,308 | 81,682 | 


_———————-————— ————_—_——-_+_—_—- | ————.. 


This table illustrates in a forcible manner the readiness with which 
our great railway companies avail themselves of the resources for the 
regulation and safeguarding of their traffic placed at their disposal by 
the electrical profession, and it is not too much to claim that the com- 
paratively absolute freedom from serious railway disasters in this 
country is largely due to this wise policy. 

Turning to the question of ordinary commercial telegraphy, the 
following figures may prove interesting :— 


Telegraphs and Telephones provided by the British Post Office. 


March 31, 1880. | March 31, 1905. 


- ——À——— M  ——À ee ee —— | ل‎ — — —— 


ee ——— — —À——À 


Mileage telegraph Eo Suse) ound 


and cable .. ss 25,675 38,032 
Mileage telephone poies кошш | 
and cable  ... m E Nil. 14,898 
Mileage telegraph wire ... T e 114,242 338,120 
» telephone ,, ... 25. i | 40 253,521 
Number of telegraph instruments | ... 12,754 33,267 
е) „ telephone РА T 61 48,118 


Curves showing the growth of the General Post Office telegraph 
and telephone plants are given in Fig. 1. 
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CURVES SHOWING GROWTH OF TELEGRAPH AN) TELEPHONE PLANT 


MAINTAINED BY THE GENERAL POST OFFICE -1880 то 1905. 
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The growth of the traffic was until recently proportioned to the 
growth of plant, and although the ordinary telegraph traffic has 
now been checked by the advent of the telephone, that young and 
lusty child threatening to monopolise the greater portion of the short- 
distance work in all countries where it has free play, still for long 
distances the questions of cost and the physical limitations of the 
telephone will check the rivalry of the latter, and there appears to be 
but a small prospect of serious interference or serious competition 
between the two methods of communication after a certain critical 
distance is reached. It may be convenient at this point to refer to the 
general statistics relating to the plant in use for telegraphs and 
telephones in those countries from which returns are obtainable, and 
so far as I have been able to gather them, they were represented by 
the following figures, at the end of the year 1902 :— 


Telegraphs. | 
Mileage of Overhead and Underground Telegraph Wire. 
Aerial. Underground, Total. Instruments. 
3,433,911 225,748 3,659,059 205,835 
Telephones. 


Mileage of Overhead and Underground Wire. 


Aerial. Underground. Submarine, Total. Stations. 


4,197,416 2,530,215 11,145 7,467,417 3,534,036 


The statistics showing the growth of the telephone systems in the 
United States are perhaps the most remarkable. The following table 
repeats the figures given by Sir William Preece in a paper read before 
the Institution in 1894, and those which appear in the American Bureau 
of the census report for 1902 :— 


1893 | 1902 
| Mileage of wire ie ix 532,250 4,850,486 
| Telephones in use  ... dis 276,360 2,315,297 
Telephone subscribers ^ | 232,140 2,178,366 
Number of talks Put — 600,000,000 5,070,000,000 
Capital at par ... i ux — 348,031,058 | 


———À— 


The growth from the year 1902 to the present time has shown no 
signs of diminution, so that it is difficult even for the most skilled 
experts in the States, or those best acquainted with the general 
situation, to forecast the ultimate development. 
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As to the amount of capital expended on telegraphs and telephones, 
the full facts are not forthcoming, as so much of the plant has been 
provided by the various Governments which do not keep ordinary 
commercial capital accounts, but it certainly amounts to hundreds of 
millions of pounds sterling. A consideration of these facts, however, 
tends to show that whether in capital invested, in plant provided, in 
staff engaged, or in commercial activity, both the telegraph and its 
daughter the telephone show no signs of lagging behind the other 
branches of electrical engineering; and so far as the telephone is 
concerned, notwithstanding the progress it has made up to the present 
date, there 1s every reason to think that we have only seen the com- 
mencement of its development in the United Kingdom. Much of its 
future success depends, however, on the action of local authorities, 
who will have to show a more accommodating spirit than many of 
them have done in the past, unless they desire that the constituencies 
that they represent shall lag behind the remainder of the world in the 
enjoyment of the facilities for intercommunication that science has 
placed at their disposal. For these bodies to insist that all telephonic 
connections shall be laid underground without regard to the number of 
wires to be provided, to the capital cost involved, or to the fact that 
long telephone trunk lines must in the present state of our knowledge 
be provided by means of overhead wires, is to place an insuperable bar 
to the provision of a cheap and efficient service. In its own interest 
and for the good of the service which it controls a telephone adminis- 
tration will always place its wires underground where it is cither 
possible to work its circuits satisfactorily or it is not absolutely 
uneconomical to do so, but for local authorities to insist om this method 
being followed in every case simply means either the stifling of the 
industry or its provision at a cost beyond the reach of the ordinary 
user. When a corporation has to provide the capital expenditure for 
public undertakings it takes good care to sec that no waste of funds 
takes place, but when the cost has to be provided by others there is a 
tendency to make demands that would not be considcred in carrying 
out its own works, the authorities appearing to be oblivious of the fact 
that the expenditure must be ultimately met in some form by those 
whom they represent. 

If we now consider the actual apparatus by means of which com- 
mercial telegraphy is effected, perhaps the most surprising fact that 
strikes the observer is the predominance of the use of the ordinary 
Morse code and Morse apparatus throughout the world. At first it 
seems surprising that, notwithstanding the innumerable inventions of 
printing, writing, and drawing telegraphs, the original system—of 
course, much improved—still holds the field generally, notwithstanding 
the partial use of the Hughes and Baudot printing systems on the 
Continent of Europe. On consideration, however, it will no doubt be 
seen that, in comparing Morse with other systems that at first would 
appear to be superior, its simplicity, its relative freedom from trouble, 
electrical or mechanical, the ease with which its alphabet is learned 
and a skilled telegraphist is trained, and its adaptability to high-speed 
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or multiplex working, all help to maintain it in the forefront, and 
undoubtedly these qualities will for a long time prevent or delay its 
general replacement by other types of instrument where the speed of 
working that is necessary is not greater than can be achieved by an 
operator manipulating a key. Where high-speed automatic Morse 
apparatus, however, is in use, the want of a means of automatic 
transcription which would save the labour and delay of manual 
transcription has long been felt, and extremely promising systems 
have been devised whereby the problem has been solved in two 
different ways. In one, which was recently illustrated in a paper read 
before the Institution, a perforated slip is used for transmission, as in 
the ordinary Wheatstone system, but instead of the signals being 
received in Morse characters at the far end, a second slip is perforated, 
the exact counterpart of the original; this is placed in an automatic 
typewriter which prints the message on ordinary type. Two different 
methods of applying this system are now under the consideration of 
the Post Office. In others the transmission is effected by means of a 
perforated tape, the message, however, being printed by the receiving 
instrument, either by a direct impression from a type-wheel, or in one 
case by a photographic reproduction of each letter as the type-wheel 
revolves. 

It is interesting to note how the practice in the ordinary telegraph 
service has materially benefited by the development of other branches 
of applied electricity. Thus for testing and localising faults, and in 
order to obtain control over the large mass of wires entering the 
principal offices in this country, these were formerly attached to screw 
terminals fixed in a test box, which was bulky and which occupied 
much valuable space in a costly building. The practice in the Post 
Office now is to terminate these wires on telephone jacks, and to 
provide for connections for testing, crossing, or other purposes by 
means of plugs and flexible cords, the modern arrangement only 
occupying one-third the space of the old type. Again, the extended 
introduction of secondary cells charged from lightning plant by means 
of motor generators has resulted in the last few years in the abolition of 
about 150,000 primary cells in the Post Office service, this change 
leading to a proportionate saving of space, and to a great economy in 
generating energy and in upkeep. Again, the great extent of modern 
London necessitates a very considerable amount of local telegraphic 
traffic. The number of inter-Metropolitan messages, viz., those from 
one part of London to another, some time ago amounted to 27,000 per 
diem. "These were all re-transmitted at the Central Office, for it was 
obviously impossible to provide direct connecting wires between every 
one of some боо telegraph offices. The Post Office therefore deter- 
mined to revert to the system of switching lines through to oneanother 
as required, a method which had proved a failure when tried on long 
and costly trunk circuits, as these could obviously deal with a much 
larger percentage of traffic when a constant stream of messages was 
fed into them than was possible when switching connections had to be 
made. Where local circuits are concerned which are short and 
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inexpensive, and in the majority of cases not filled with traffic, the 
conditions are altered, and it is a wise policy to increase the number of 
wires where necessary and to save the delay and cost of re-transmission. 
A special switching board based on telephonic lines was therefore 
designed to meet telegraphic requirements, and a section providing for 
138 lines was fitted up at the Central Telegraph Office and brought into 
use experimentally on November 13, 1902. Now any office connected 
to the switch which wants to communicate with another similarly con- 
nected merely calls the latter, and the switch clerk hearing the call 
simply joins the two lines through in the manner adopted for telephonic 
service. Suitable signals are provided to indicate when lines are 
engaged, and the number of wires to important offices has been 
increased, In designing the arrangement, provision has been made for 
working all the wires from a secondary battery installed in the Central 
Telegraph Office, so that the large number of primary cells previously 
installed in each office has been dispensed with. The result has been 
so satisfactory that the whole of the Metropolitan circuits are now being 
treated in a similar manner, and this handling of 18,000 messages twice 
over each day is about to be entirely obviated. 

In submarine cable work the same progress may be noted as in 
other branches of telegraphy. The growth in half a century is repre- 
sented by the following figures :— 


1852 аж A да Ве 87 nautical miles 
1892 ee as iss ... 139,594 T е 
1902 45% n s ... 212,894 н й 


апа it goes on without interruption. 

Types of submarine cable have in practice not been materially 
changed, with the one exception of the air spaced submarine cable 
designed for telephone purposes by Mr. Willoughby Smith, one of 
which was laid by the Post Office between Nevin, in North Wales, and 
Newcastle, in Ireland, in the year 1892. The problem of devising sub- 
marine cables for long-distance telephones is, however, still to be 
solved. The longest telephone cable of the old Paris type was laid by 
the Post Office in the year 1902 for communication between London 
and Brussels. It is 47 knots in length, and this is about the practical 
limit of distance over which satisfactory telephonic speech is possible 
under existing conditions when allowance is made for the addition of 
the connecting land lines and of the local subscribers' plant. 

As one of the results of cable enterprise, it may not be inappro- 
priate here to refer to the extended knowledge of the character and 
constitution of the sea bottom which has been derived from thc 
extensive soundings and surveys that have been made in the Atlantic 
and Pacific Oceans, preliminary to the laying of deep-sea cables. On 
a reference to Admiralty charts, the track of deep-sea cables can be 
followed along the continuous lines of soundings at short intervals 
which appear where cables have been laid, whereas other portions 
of the sea bottom are comparatively uncharted. I have especially 
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in mind some of the admirable charts and reports prepared by Mr. 
R. E. Peake in connection with cable enterprises with which he has 
been associated. 


WIRELESS TELEGRAPHY. 


Wireless telegraphy, so called, has attracted a great deal of inter- 
mittent attention for many years past. The various possible methods 
of communication between two localities not directly connected by 
wire may be divided under five heads :— 


I. Leakage across the earth or water between two parallel wires 
erected on opposite sides of a position which has to be 
bridged. 

2. Electro-magnetic induction between coils placed vertically or 
horizontally. 

3. The combination of the two above systems by the erection 
of two parallel overhead wires connected to earth at their 
extremities. | 

4. Electrostatic effects from vertical conductors. 

5. The Hertzian system. 


Many attempts have been made to establish communication across 
rivers, arms of the sea, etc., by the first method, and they have met 
with varying success, but the system is one the application of which has 
a limited scope. 

The second method has but a limited range; it has only been 
rendered possible by the use of telephones, but inasmuch as the 
effective energy available for signals diminishes as the cube of the 
distance between the coils, the limit beyond which no signals can be 
received is very rapidly reached. 

The third method, which, prior to the invention of the Hertzian 
method, was fully investigated by the Post Office, has met with 
a certain measure of success, and at the present time there are two 
installations still at work in this country. One of them connects 
Rathlin Island with the mainland at Bally Castle, the parallel wires 
being at an average distance of eight miles apart. The second instance 
is an installation establishing communication between the Skerries, 
a series of rocky islets off the coast of Holyhead, with the telegraphic 
service on Holyhead Island itself. The parallel wires are at an average 
distance of three miles apart. The latter installation is worked tele- 
phonically, i.e, the wires are fitted with telephone transmitters and 
receivers, and telephonic speech is actually transmitted from wire 
to wire. | 

The fourth system of communication by purely electrostatic eftects 
without the emission of free waves has not been developed on a 
practical scale. 

The fifth, or Hertzian, system has created world-wide interest, and 
its development in the course of the last few years has been very 
marked. As is well known, the method is based on the classical 
researches of Hertz; it was made possible in the first place by the 
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original inventions of the coherer by Branley, improved later by 
Lodge, and finally developed into a practical system by Marconi. 

It may be of advantage to briefly review the gradual development of 
the art from the date of Marconi's early work. It will, no doubt, be 
remembered that after a period of experiments, first in Italy, then in 
this country, a crucial trial was made in the year 1896, under the 
auspices of the Post Office, across the Bristol Channel, from Lavernock 
Point, first to the Island of Flatholm, and then to Breamdown, near 
Weston-super-Mare. At that period, what has by some been termed 
the “Whip Crack Method” only had been tried; that is to say, a 
powerful spark coil was connected, one terminal to the vertical con- 
ductor, the other to the earth. This arrangement emits a very powerful 
impulse which is damped down almost immediately, and it is probably 
the first single impulse alone which affects the receiver at a distance. 
Elementary attempts at tuning were made by various experimenters 
during this period, but the art was not sufficiently developed to admit 
of any really useful results being obtained. The coherers were probably 
far too sensitive, and the difficulty experienced in the early days was 
rather due to their not decoherering than to their failing to respond to 
the electrical waves. In course of time this difficulty was remedied by 
the use of an oscillating transformer in the receiving circuit which 
admitted of the use of less sensitive cohcrers, and excellent results 
were obtained, but owing to the fact that every receiver within a 
certain definite range of a given transmitting apparatus responded to 
each impulse, and all receivers were affected by all transmitters within 
range, it appeared at first as though Marconi’s attempt to increase the 
effective limit of his apparatus would tend to restrict rather than to 
extend the use of the system. Не and others interested in wireless 
telegraphy, therefore, turned their attention to the establishment of 
syntony between the transmitting and the receiving apparatus, and a 
marked degree of success has attended their efforts. This syntony is 
usually effected by connecting one or more closed oscillating circuits 
to the source of energy and coupling these either direct or through an 
oscillating transformer with the vertical antennz, the closed oscillating 
circuit and the vertical antenna being in unison, 1.6., having the same 
frequency. A closed oscillating circuit includes a capacity and an 
inductance, and therefore for each primary impulse a train of waves is 
generated. The first portion of the wave has not such an amplitude as 
when the Whip Crack Method is used, but this is more than counter- 
balanced by the effect of the long train of oscillations, which results in 
restricting to a great extent the visible effect to receivers tuned in 
harmony, other receivers not so tuned not responding when a certain 
critical distance is passed. In the next place, by a judicious combina- 
tion of oscillating circuits with antennz of suitable capacity, the 
amount of energy that can be utilised for the transmission of signals 
may be increased from the small limits imposed when an ordinary 
induction coil is used to practically any given amount—an utter 
impossibility with the original method of working. Of course, where 
avery powerful exciting system is in use, the radiating surface must 
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be increased proportionately, and the well-known method of multiple 
antenna? has been designed to achieve this end. At the receiving 
station, the tuning is effected by the addition either of inductance or 
of capacity, the receiving installation being brought into as perfect 
syntony with the transmitter as is possible. In addition to this, special 
devices have been introduced in the receiving circuit for the elimina- 
tion of waves of other periodicities so that even Whip Crack trans- 
mission can to a great extent be eliminated. The effect of having the 
transmitting and the receiving apparatus in harmony was shown in an 
admirable manner by the Post Office experiments, recently carried out 
and described by Messrs. Duddell and Taylor, which gave graphical 
measurements of the energy received under both conditions. 

The receiving apparatus has undergone many modifications since the 
original filings coherer was invented. There is, for example, the single 
point contact, consisting of a pointed carbon lightly resting on a slightly 
oxidised steel surface ; the Brown radioscope, consisting of a lead 
electrode resting lightly on a surface of peroxide of lead ; the Lodge 
Muirhead revolving disc, touching lightly on a mercury surface ; the 
Schaffer, so-called anti-coherer, consisting of a fine razor slit across a 
silvered glass surface ; the Italian Navy coherer, in which one or more 
globules of mercury are enclosed between carbon and steel contacts— 
all of which are dependent for their action on imperfect contacts ; the 
Bolometer and electrolytic methods claimed by different inventors ; and 
finally, Marconi's electro-magnetic receiver. Many of these have been 
associated with variations in the original method of combining the 
different electrical elements of each circuit, and have been denominated 
* Systems." I will not, however, enter the thorny path of attempted 
discrimination between those that may be considered as systems or 
those that can only be described as methods. 

A great deal has been said by rival inventors as to the possibilities of 
wireless telegraphy, and some exaggerated claims have been made on 
their behalf which have led to counter statements by some interested 
in other methods of communication. Whilst on the one hand it may 
be fairly assumed that wireless telegraphy is not, under any circum- 
stances, likely to supplant or even to compete seriously, with, inland 
methods of intercommunication, there is no doubt that there is a very 
distinct and important sphere of utility awaiting its further develop- 
ment. For intercommunication between ship and shore, and ship and 
ship, much has been done, although much remains to be done. For 
intercommunication between neighbouring coasts there is also a 
possible future, but this depends almost wholly on the further develop- 
ment of the methods of syntony or tuning. "There appears to be no 
doubt that in cases in which the wave-lengths used on two systems 
differ to a considerable extent, a very marked degree of success has 
been obtained in the avoidance of mutual interference. Меге the 
wave-lengths, however, are not very widely apart in frequency, there 
is in each case a definite range within which interference arises, and 
simultaneous working is impossible. That the tuning methods will be 
improved I think there can be very little doubt. The progress that has 
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been made between the year 1896, when it took a week to receive а few 
elementary signals over a distance of nine miles, and the present time, 
when such remarkable results have actually been obtained, is so great 
that it does not imply the possession of an unduly sanguine disposition 
if one ventures to predict further improvements, which may be 
expected to increase the freedom from mutual interference, the specd, 
and the reliability of this method of communication. It does not 
appear to be very probable that it will seriously compete with the 
highly developed cable communication in the near future, although it 
may in many instances supplement that service. 


CONSTRUCTION. 


No marked changes have taken place in the mcthods of overhead 
construction, beyond the general tendency towards the wholesale 
substitution of hard drawn copper for iron wire for overhead con- 
ductors. ‘The magnetic inertia, due to the metal itself, which affects 
high-speed results so largely when iron wires are used is, of course, 
absent in the case of copper. Although the first cost is higher, the 
scrap value of the copper when renewed is considerable, and there is 
the further point that when the time arrives for converting overhead 
telegraph circuits to telephone uses, the appropriated conductors will 
at once be available. In other respects there have been, of course, 
various improvements in details which, however, do not need special 
mention. 

In underground telegraphs, something approaching a revolution is 
in progress. It is a curious and instructive fact that the majority of the 
early inventors who designed or imagined methods of telegraphy con- 
templated the use of underground wires insulated by various ingenious 
methods which, however, would scarcely have proved efficacious in 
practice. Further, in this country, two of the great telegraph com- 
panies started with the idea of laying telegraphs underground, and very 
long lengths of gutta percha wire were laid in wooden casing, some of 
which is re-covered from time to time and is even now found to be in 
excellent condition. Various reasons led to the abandonment of 
underground work in favour of overhead lines, and little was done 
in later years in the direction of providing a comprehensive under- 
ground system until the great work in Germany was initiated in the 
seventies. Owing, however, to the high cost of gutta percha, and to its 
great specific inductive capacity, the extended use of this material did 
not commend itself to the English Government, except, of course, in 
large towns where underground work was imperative, for owing to the 
slow speed attainable on ordinary gutta percha underground wires, and 
the vast mass of Press matter that had to be transmitted by the Post 
Office, there was little temptation to indulge in a heavy expenditure 
with the object of replacing overhead wires by underground work, 
even though the overhead wires were occasionally subject to serious 
interruptions which no human skill or engineering foresight could 
guard against. The introduction ot the modern multiple cable in- 
sulated by dry paper and enclosed in lead sheath has gone a long way 
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in the direction of overcoming both these difficulties, viz., the financial 
difficulty of cost and the electrical difficulty of high static capacity. 

Incidentally, it may be of interest to refer to the genesis of the 
modern air-space dry-core cable, for details of which I am indebted to 
Mr. Kingsbury. It is, of course, well known that many attempts were 
made years ago to obtain a cheap substitute for gutta percha insulated 
wires, and these attempts generally took the direction of wires covered 
with cotton or other fibrous material enclosed in a pipe or tube, which 
was filled with a permanent insulator, either solid or liquid, such аз, 
paraffin wax or oil. Ata later period paper was substituted for cotton, 
and it was proved that wires so insulated had a lower static capacity 
than those covered with cotton. It was at first assumed that this was 
due to the character of the paper used, but it was soon realised that the 
actual reason was that with the paper the insulating. compound could 
not be forced into the tube soas to absolutely fill all the interstices, and 
that numerous air spaces existed throughout its length. From this to 
the use of the present form of cable was but a step. In cables of this 
type relatively large conductors weighing from 100 to 200 lbs. per mile 
can be provided with a static capacity of o'r microfarad per mile, and 
where a large number of wires have to be provided, at a total ex- 
penditure not very unduly in excess of that necessary for overhead 
wires. 

As soon as this type of cable became available for use, the Post 
Office took the initial step in the construction of a line containing 76 
wires enclosed in a 3 in. iron pipe from London to Birmingham, a 
distance of 117 miles. This line was commenced in 1897, was com- 
pleted in 1899, and brought into use after preliminary experiments had 
been carried out with a view of determining its adaptability for the 
purposes of the Post Office. It was, of course, foreseen that the wires 
in close proximity would be subject to a certain amount of mutual 
disturbance, and it was doubtful to what extent this disturbance would 
interfere with the various methods of telegraphy in use. To provide 
for the worst possible case, therefore, the wires were twisted up in 
pairs like those required for telephone circuits, and the length of the 
lay of the neighbouring pairs was varied, so as to provide as far as 
possible for working metallic loops where necessary, either for tele- 
graph or telephone purposes, with the minimum amount of mutual 
interference. The experiments proved that it was possible to work 
duplex on neighbouring single wires of a pair, when earthed at each 
end, without interference when the speed was limited to that possible 
with manual transmission. Quadruplex working was subject to some 
slight interference, but under these conditions Wheatstone working 
was not possible at a higher speed than 50 to 60 words per minute. 
The general result, however, was admirable from every point of view, 
and the steadiness of working and the freedom from interference by 
atmospheric or other causes was so great that the Postmaster-General 
subsequently decided to extend the London-Birmingham line to 
Glasgow. Тһе question of the type of cable to be carried forward 
then came up for consideration. From London to Birmingham there. 
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were 38 pairs of wires. In the interval many types of paper insulated 
cables had been devised with a view to obtain a form suitable for usc 
with earthed circuits, and therefore to a great extent free from mutual 
induction, either static or electro-magnetic, the ultimate outcome of 
which was the design of a conductor insulated with paper, each in- 
sulated conductor lapped with copper foil and the whole of the wires 
cabled and sheathed with lead. 

It was finally determined to continue the London-Birmingham 
section northwards by the laying of a cable containing 37 pairs of the 
ordinary paper insulated wires as a core surrounded by 29 copper 
screened single-wire conductors : this decision being arrived at after 
ithad been proved conclusively that where quadruplex or high-speed 
drcuits were required, it was possible to obtain satisfactory working 
with the quadruplex or Wheatstone on a metallic loop, and to super- 
impose thereon a key duplex. Where quadruplex is therefore in use 
on a long circuit, 6 channels are obtained on two wires, or a Wheat: 
stone duplex and a key duplex can be worked on each loop. Again, it 
has been proved that between London and Glasgow, by the use of a 
repeater at Preston or Warrington, a speed of, 200 words per minute 
can be obtained on these wires with Wheatstone apparatus, so that it 
will be observed that a great step has been made by the substitution 
of a moderately economical system of underground work susceptible of 
working at high rates of speed, for the old costly and slow methods which 
the use of gutta percha involved where land telegraphy was concerned. 

The main underground line from London to Glasgow will be com- 
pleted by March or April, 1906, and other important sections of main 
line, notably a section from London to Chatham, are in hand. 

Here, perhaps, I may fitly state that the Post Office and the general 
public owe a debt of gratitude to our British manufacturers of electrical 
plant for the energetic and able manner in which they meet all re- 
quirements, however onerous, made upon them. They spare neither 
time, trouble, nor expense in an endeavour to meet the most difficult 
specifications, and it is not too much to say that without their assistance 
this record of modern progress could not have been realised. I render 
this tribute all the more willingly because it has lately become thc 
fashion for irresponsible writers in the public Press to decry the British 
manufacturer as old-fashioned, not up to date, and not ready to тесі 
modern requirements. I can truthfully say I have nowhere met 
reputable firms exhibiting this spirit. 

А few specimens of air-spaced telegraph cables which illustrate the 
gradual development of those now in use are placed on the table, and 
members may wish to inspect them later. 


TELEPHONES. 


Not the least remarkable of the modern developments of electrical 
engineering is the extraordinary growth of the telephone service 
throughout the whole of the world. Subsequent to the year 1860, when 
Reis invented his musical telephone, it was thought by the majority of 
electricians that no further approach towards the attainment of articu- 
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late speech could be made. The possibilities attending the use of loose 
contacts, at that time the most dreaded enemy of the electrical 
engineer, -had not been foreseen, and the conclusion was generally 
arrived at that it would be impossible to devise a transmitter free from 
the defect of causing actual breaks in continuity so as to admit of the 
delicate curves necessary for the transmission of articulate speech 
being reproduced electrically. Bell's invention in 1876 was received 
almost in a spirit of incredulity, and when in the following year it was 
brought to this country it was looked upon as a marvellous develop- 
ment. Although as a receiver the instrument was even then practically 
perfect, its powers as a transmitter were weak, but the invention of the 
microphonic transmitters in 1877, by Edison in America and Hughes 
in England, speedily led to the development of the telephone on com- 
mercial lines. Kingsbury has told us in his paper, read before the 
Institution in January, 1895, how in 1878 the first telephone exchange 
was started in London, the old telegraph umschalter switch having 
been utilised for the purpose. For many years the service was neces- 
sarily imperfect, gauged by modern standards, as for a long period 
open wires carried overhouse had to be resorted to, and single-wire 
circuits were practically a matter of necessity at large exchanges, the 
result being that cross talk could not be eliminated, and comparatively 
inefficient transmitters were used in order to reduce the amount of this 
disturbance. The invention and development of the modern paper 
insulated air-space cable with its low electrostatic capacity led to the 
general adoption of the one main factor in satisfactory telephone work- 
ing, viz., the use of well insulated metallic circuits so constructed as to 
be free from cross talk. "This opened the door to the use of the very 
best types of telephone transmitter, and paved the way for the succes- 
sive improvements in exchange plant that are so marked a feature in 
modern systems, and that have led to the extraordinary increase in 
telephone statistics that has taken place in the last ten years. 

As the result of successive inventions, a steady and rapid improve- 
ment in the indoor plant available for Exchange work has taken place, 
and so far as modern telephone switch is concerned, these improve- 
ments have been wholly in the direction of reducing the amount of talk 
on the part of the operator that was necessary under the old conditions. 
This has been brought about by the provision of a complete system 
of automatic signalling whereby she is kept abreast of her work, 
so that, with the exception of asking for the number of the subscriber 
who is wanted, there should in all ordinary cases be no need for 
conversation between the subscriber and the operator, this being 
accompanied by a corresponding increase in the speed of working. 
In fact, one system goes so far as to render it unnecessary even 
to ask for the number of the subscriber required, that information 
being printed by the caller on a Morse slip. This tendency to 
reduce the operator to a species of intelligent automaton naturally 
suggests the possibility of the entire elimination of the operator, and 
the introduction of suitable automatic apparatus at the Exchange. 
Several very ingenious methods of attaining this end have been devised, 
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and one system has achieved a certain measure of success in America, 
several Exchanges of some magnitude having been equipped with 
apparatus of this type. Two or three smal! automatic switches have 
been installed in Europe, but no European telephone administration 
has yet faced the problem of establishing an extensive automatic 
system for the use of towns in which large Exchanges are required. 
To review the reasons for the hesitation so far displayed by the more 
important of the telephone authorities would be to introduce contro- 
versial matter which would be out of place. The subject is, however, 
not exhausted, for it is being carefully studied at the present time in 
America, and there appears to be some possibility of development in 
the not distant future that may lead to important modifications in 
present methods. 

One word may here be added as to the magnitude of the plant 
required for modern Exchange working. 

There appears to be an occasional tendency to look upon telegraphs 
and telephones as a little apart from serious enginecring undertakings, 
because in the actual transmission of telegraphic signals or-telephonic 
speech minute currents measured in milliamperes and microamperes 
generally suffice. The movement of electric railway trains and street 
cars or electric cranes, of electric gun training machinery, and other 
similar mechanical work, impresses the imagination far more vividly 
than does the still, small voice that is heard in a telephone, but when 
modern telephone practice is considered it will be found that in the 
complexity of the system, the amount of electrical energy used for the 
purpose of signalling and the extent of the works undertaken, a 
telephone system regarded from the engineering standpoint is in no 
degree behind any other electrical enterprise. As an illustration, it 
mav be stated that in carrying out the preliminary arrangements for 
serving about one-third of the Metropolitan area the Post Office has 
already excavated 565} miles of trench, it has laid 1,251 miles of duct, it 
has provided 162,216 miles of wire, and tbe weight of copper buried in 
the London streets amounts to 2,200 tons; and this apart from the work 
carried out by the National Telephone Company in the same districts. 

The secondary cells used for signalling and common battery 
speaking at the Central Exchange have a capacity of 5,500 ampere 
hours, and the number of glow lamps in use on the existing Central 
Exchange for signalling purposes is 25,000. It may be added, however, 
in illustration of the growth of the system, that the first contracts for 
the Post Office system in London were entered into on February 24, 
1900, and the first Exchange was opened on February 24, 1902, with 
169 subscribers, the ultimate capacity being 14,000 subscribers. Its 
growth was so rapid that within two years of its being opened it became 
necessary to commence the installation of a second Exchange which is 
being constructed within the same building and which will shortly be 
opened with a further capacity of 20,000 subscribers, a corresponding 
enlargement of the general appliances in the building being involved. 

Perhaps the most remarkable development that has taken place in 
the whole world is that which in the last few years has arisen in 
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America. In the early portion of my address I refetred to certain 
statistics furnished by the American Bureau of the census. The growth 
in the number of telephones provided by the American Telegraph and 
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Telephone Companies (commonly known as the Bell Companies) in the 
United States of America, as shown by the curve in Fig. 2, is absolutely 
startling. I visited America in 1898, at which date the Company 
had about 400,000 stations open. I have just returned from another 
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visit, and find that they have 1,950,000 stations at work, an increase 
of 1,450,000 in seven years, and they are still progressing at the same 
pace. Domestic and other reasons appear to foster the use of the 
telephone. The number of private houses provided with these modern 
appliances bears a very high ratio to the number of business premises 
in which they are installed. All the large hotels have telephones in 
every room, a central switch connected to the main Exchange being 
located in the hall. Large shops have installations varying from 250 
to rooo telephones, these in some cases being scattered along the 
counters so that customers can telephone from their houses direct 
to the shop assistant whom they know to be acquainted with their 
wants or fancies. 

The most important adjunct to the Local Exchange system is the 
trunk line, or long-distance service, as it is variously called. In 1896 
the Post Office acquired, bv purchase, such of the trunk lines as had 
been erected by the National Telephone Company and not only did 
it at once erect such additional wires as were necessary to provide 
a comprehensive service covering the whole country, but it has been 
engaged year by year in erecting additional trunks. Such is the favour 
with which the trunk service generally is regarded, that it is difficult to 
keep pace with the demand for additional wires, The annual growth 
is represented by the following figures :— 


Circuits. Miles of wire 


in actual use. 

Year ending March 51, 1896 vus 165 ! 17,500 | 
AE % „ у -- 8o4 4785 | 
|o» وو‎ „ 898 .. 877 бәла | 
NE » 189 | 953 | 63,109 
ох 1900 | reg | бәл | 
| 5 " ; I9OI 1,116 | 76,831 | 
5; 2 1 1902 | 1,165 | 83,302 | 
D sk 3 » 1903 |. 139 1 93473 | 
| Е " А 1904 i 1,418 102,799 | 

| РА " А 1905 1,604 | 112,744 


The determination of the distance over which telephonic speech is 
possible on various types of telephone circuit is a question of the 
greatest theoretical and practical interest, and it is one that has 
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received much careful consideration. The theoretical investigations 
of Clerk Maxwell, Kelvin, Oliver Heaviside, G. A. Campbell, Pupin, and 
others have done much to elucidate the problem under consideration, 
and we are now, I think, fairly well acquainted with the various factors 
that govern and limit the range of possible speech, and the methods by 
which these limits can, under favourable conditions, be extended ; such, 
for example, as the partial neutralisation of the effects of static capacity 
by the addition of self-induction. In connection with the transmission | 
of telegraphic signals through long cables, it will be borne in mind 
that Lord Kelvin, in the year 1854, enunciated the K. R. law, and at first 
attempts were made to apply this law to telephonic work. Now the 
simple К. R. law applies with some degree of accuracy to telephonic 
cables in cases in which wires of approximately the same gauge are 
concerned, but it fails in cases in which the electrical constants R K 
and L vary materially, and it is quite inapplicable as part of a general 
law to open lines where self-induction is a marked factor or where the 
. conductivity of the wires varies materially. As illustrating this, the 
following observations made by the able staff of the Bell Companies in 
America show to what extent the К.К. Law fails :— 


TABLE OF ÉQUIVALENT CIRCUITS. 


| Loo Long-distance Local Service 
med standard of standard of 
ince commercial talk. commercial talk. 
w/w A ae eee ыз 3 
рег capacity. | Length Length 
Type of Circuit. mile. equal to equal to 
r,200 mls. 750 miles 
No. 8 K. R. No. 8 K. R. 
Micro- B.W.G. B.W.G. 
Ohms. farads. jopen wire. open wire. 
iles. Miles 


тоо lbs. Copper aerial | 17°73 | “007825 | 388 | 20,884 | 253 8,880 


176 ,, Ж - 10°26 | “008218 | 560 | 26,443| 360 | 10,927 

| 425 » » » 4°08 ‘008978 1,200 51,027 | 759 20,604 
American Standard 

Cable íi ... | 88°00 | “051 418| 7,842! 26 3,034 


Boston-Lynn Cable... | 41:80 | "042 732| 9,497 | 455! 3,635 


| 

London-Birmingham | 
Cable ids ...| тоо | *063 1150) 9165| 715 3,543 | 
С | 
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It was quite evident that the K. R. Law failed owing to no account 
being taken of the important factor L, and on comparing a large 
number of results obtained over Post Office lines of different character 
the following rough empirical formulz were designed to meet ordinary 
cases. As will be seen further on, these were found to give fairly 
concordant results within certain limits, 


1905.] GAVEY : INAUGURAL ADDRESS. 25 


Aerial lines of тоо lbs. copper and upwards :— 


l 
M = TA К 


For unloaded paper cables— 


T 
Mo 85 кр 


where M zzlimits in miles. 


Before dealing with the more recent formule now in use for 
determining the limiting distances of speech, it mav be well perhaps to 
refer briefly to the theoretical conditions which affect the transmission 
of telephonic impulse. The ordinary electrical conditions in a circuit 
which may modify or effect an impulse in transitu are the following :— 


. Resistance. 

. Electrostatic capacity. 

. Self-induction. 

. Insulation. 

. Abrupt and numerous alterations in the circuit which тау 
cause reflection. 

Interference from extraneous cause, i.c., static or magnetic 

induction, leakage, etc., from neighbouring circuits. 


тоо» 


до 


When an electrical impulse is started in a conductor, if the latter 
had neither resistance, capacity, nor self-induction, and if the insulation 
were perfect, the wave would move on without attenuation or distortion. 
The effect of resistance or of uniformly distributed low insulation, 
however, results in a definite attenuation which increases with the 
length of the circuit, and, further, the effect of capacity is to cause the 
wave to spread out, both forwards and backwards, this “tailing,” as it 
is termed, not only increasing the attenuation by lowering the ampli- 
tude, but causing distortion of the wave itself and also of the 
neighbouring impulses, with which it interferes. This distortion 
eliminates the higher notes and harmonics, and in extreme cases causes 
the voice to lose its characteristic tone, and ultimately to become 
inarticulate. 

Now it is obvious that it 1s a matter of extreme importance to 
ascertain to what extent each of these elements affects in the most 
material manner the limiting distance of speech, and much light is 
thrown on this subject by actual experiments made over long lines of 
various characters, overhead, underground, and submarine. As the 
result of many trials, it is found that with long circuits free from external 
disturbance, such as underground wires, the actual practical limit is 
fixed by the loss of amplitude of the waves; in other words, bv the 
diminution of volume rather than by the loss of articulation, although 
when these limits are approached it is found that articulation begins to 
suffer, and when the line is still further increased, the tones become 
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low and hoarse, and speech ceases to be practicable. This points to 
the fact that in actual practical work attenuation due partly to 
resistance, and partly to electrostatic capacity, are the dominant factors, 
and this attenuation when combined with disturbance from neighbour- 
ing electrical conductors actually determines the limits of speech. This 
view is supported by a comparison of the results obtained by calcula- 
tion and those obtained byactual experiment. That in actual practice 
articulation is not materially affected up to the point when the volume 
of sound becomes too small for practical purposes is probably due to the 
fact that the inherent self-induction of an ordinary circuit suffices to 
prevent such an amount of distortion as might otherwise interfere with 
articulation at more moderate distance than those actually experienced. 
Oliver Heaviside, in his Electrical Papers, vol. ii. p. 393, showed 
the extremely limited range of possible speech in paper cables, 
assuming an entire absence of self-induction in a closely twisted up 
pair, and the extent to which this range is extended even by the limited 
self-induction which obtains in normal conditions. He thus early 
anticipated the practical results already referred to. At all events, 
calculations giving the limiting distance of speech on various types of 
conductors, based on attenuation only, are found to agree with actual 
experimental facts. The remaining factors, although they must have 
some influence on the results, can in practice and under conditions 
which obtain in a simple metallic circuit be neglected. 

As a preliminary to the determination of the limits of speech, it is 
necessary to ascertain the degree of volume and articulation, or in other 
words the audibility, which may be accepted as satisfactory, and further 
to establish standard circuits with well-known constants of R L and K 
to which all lines may be reduced either by calculation, by experiment, 
or preferably by both. For this purpose, both in America and Eng- 
land, one of the types of ordinary lead-covered paper insulated cables, 
in which the above constants are measurable, has been selected, and 
the dimensions of the English standard cable, which agree closely with 
American figures, are as follows :— 


Gauge Weight Diameter К. (loop). К wire to wire. 
W.G. per mile. Mils. Ohms. Microfarad. L. Insulation. 


S. 
English 20 20 lbs. 36 88 O'056 ооо 200 


Now in actual practice a telephone on an exchange circuit must be 
thoroughly effective whether joined through to another circuit a few 
yards in length or connected to a long-distance line some hundreds of 
miles long, but obviously it is quite unreasonable to expect that the 
conversations shall have the same volume and articulation in both cases, 
and of course when a long-distance line approaches the limits at which 
it is possible to converse, it is absolutely essential that the apparatus and 
lines shall be in the best working order, that each speaker shall raise his 
voice and speak distinctly and close to the transmitter, and that both 
correspondents shall have their apparatus in fairly silent rooms. 

In considering this question from the practical point of view, it is 
necessary totake into account the variable conditions under which long- 
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distance speech is frequently held. The insulation of long overhead 
wires may in this climate drop in extreme cases to a figure as low as 
the metallic resistance of the conductors themselves ; slight inductive 
noises are never really absent, and occasionally they preponderate. In 
a paper on trunk telephones which I read before the Institution in 
November, 1896, I pointed out how difficult it was to obtain even an 
approximately perfect static balance between a telephone circuit and 
neighbouring wires subject to rapidly varying potentials. Again, the 
human element largely affects the result ; indistinct and muffled speech, 
disregard of regulations in the use of apparatus, partial deafness, 
apparatus in noisy and unsuitable localities, all tend to limit long- 
distance speech, and to render the application of very accurate deter- 
minations difficult. In fact, it may be said that the limits of error in 
calculation, whether the empirical or the more accurate formula referred 
to later are used, are less than the limits of variation in practice, and 
that as in all engineering matters there must be a considerable factor 
of safety to ensure satisfactory intercommunication. Telephone 
administrations have carefully considered what are the extreme limits 
of effective commercial speech under the last-named conditions, and it 
is generally considered that from 42 to 46 miles of the above-named 
standard cable is the effective commercial limit, although conversations 
have been held by experts over 60 miles of such a cable. 

This being accepted, two methods can be adopted for determining 
the limits of speed on various types of telephone circuits. 

In the first place, the attenuation is calculated for various types 
of cable, say by Pupin's formula, in which the insulation R is so high 
that attenuation by leakage can be neglected, or by Campbell's formula 
for overhead wires when leakage must be assumed. By the use 
of these formule, tables of ratios which express the relative equiva- 
lence of each type of circuit to the standard cable are prepared, and 
the limit of commercial speech having been fixed in miles of standard 
cable, the limit on all other types of conductors is a simple matter of 
calculation. 

The second method, of course, consists in a direct comparison of 
all existing types of line with a standard cable. A lengthy series 
of experiments has been made on all classes of Post Office conductors, 
overhead, underground, and submarine, and they have been balanced 
by means of a standard apparatus to their equivalent lengths of actual 
standard paper cable. The equivalent lengths have also been calcu. 
lated by Pupin's and Campbell's formulae, and the table on page 28 
shows the degree of concordance in the results, as also corresponding 
figures based on calculations made by means of the empirical formulze 
already referred to. 

It will be observed that the calculated limits of speech based on 
attenuation agree absolutely with experimental results on all the under- 
ground cables. There are, however, variations in the calculated and 
observed results obtained on overhead lines, and these are no doubt 
due to variations in insulation and to slight disturbances which affect 
the audibility materjally when approaching the limits, 
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Another method of investigating the problem of telephonic trans- 
mission has been undertaken at the Post Office, and although the 
experiments are not complete, I propose to attempt to show some 
of the results which exhibit graphically the attenuation which іп 
practice takes place under varying conditions. Two circuits have 
been selected, one consisting of a mile of the standard cable already 
referred to, and the second consisting of twenty miles of similar 
cable. A Duddell’s oscillograph has been used for observing simul- 
taneously the curves due to the action of the induction coil at the 
transmitting end and the corresponding curves at the receiving end 
of the circuits. A number of letters, both vowels and consonants, 
have been rapidly spoken into the transmitter, and the respective 
transmitted and received curves for each have bcen recorded in the 
usual photographic manner. (See Plates I. to V.) 

The results are not, I fear, quite so distinct as I could wish, but 
there are considerable difficulties in manipulation, which perhaps may 
be overcome later. One, for instance, is due to the great difference 
in amplitude of the curves at opposite ends of the long length of cable. 
The spot of light in the transmitting end travels over a longer range 
than at the received end, and the photographic exposures, thereforc, 
vary in the inverse ratio of the amplitudes. However, I hope enough 
will be seen to make this line of investigation clear and to prove to 
some extent the accuracy of the foregoing data. It will be seen that 
on tbe one-mile length the curves at opposite ends are almost counter- 
parts one of the other, the difference of amplitude being inappreciable, 
and all the irregularities of each transmitted curve being faithfully 
reproduced at the distant end. Where, however, the longer length of 
cable is introduced the difference of amplitude is most marked, and 
although it is perhaps somewhat more difficult to compare the shapes 
of the two curves, they still bear a substantial resemblance onc to the 
other. 

There is one marked effect which I hope you can observe. In the 
reproduction of certain letters, not only is the amplitude of the curves 
at the transmitting end of the twenty-mile length greater than on the 
one-mile length, but the details, t.e., the variations in each section of a 
letter curve аге more distinct in the former than in the latter. So far I 
cannot account for this effect quite satisfactorily. It may be due to 
reflection, for it is a coincidence that twenty miles is exactly the half of 
a wave length in this type of cable with a frequency of 1,200. At all 
events, this seems to explain, or it not to coincide with, the occasional 
difficulty one experiences in maintaining satisfactory talk over very 
short lines which has hitherto been considered as being due to speaking 
too loudly. 

It will no doubt be observed that this method of reproducing the 
curves due to specific sounds affords a great improvement on the old 
phonautographic method. In the latter the sharp peaks on each 
curve which may be observed on the best of the slides just shown 
are all rounded off in most of the published illustrations, and no other 
result сап be expected where levers are used to increase amplitude. 
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The oscillographic method of producing these curves should be of 
considerable use in the study of vowel and other elementary sounds. 

It is, of course, obvious that any marked improvement in the normal 
types of telephone apparatus will tend to extend the ranges given in the 
tables. Further, it will be observed that these ranges are based on a 
43-mile limit of standard cable, although under favourable conditions, 
and with expert users of the telephone, much longer distances are 
practicable. These limits also presuppose that the telephone is joined 
directly on to the line, and they have to be cut down when the 
Exchange apparatus and the Subscriber's line are added, by an amount 
equal to their equivalent mileage. 

Such tables as these admit of a determination of the gauge and type 
of conductor necessary to serve any given locality, it being borne in 
mind first that in a country like Great Britain, where main trunk lines 
pass through towns of considerable size every few miles apart, it is 
difficult to carry heavy gauge wires intact from one extremity to the 
other ; i.e., lighter gauge open wires and underground work have to be 
introduced in sections to overcome obstacles, and, further, that tele- 
phonic communication differs from telegraphic in so far as this, that 
where the former is concerned any given town may require to be put 
through to any other town within the general telephonic range of the 
service. It is, therefore, obvious that in laying out and adding to a 
system of telephone trunk communication, the extended use, either 
of small gauge conductors or of underground work generally, is abso- 
lutely inadmissible. Such conductors with limited range can only be 
used under well-defined conditions. П follows that to provide an 
efficient and economical service it is necessary to make a careful study 
of the country as a whole and to lay out the trunk lines in such a 
manner as to deal with the maximum traffic with the minimum weight 
of copper, and to provide for general intercommunication by the 
shortest possible lengths of trunk circuit. ° 

It will, of course, be borne in mind that the foregoing remarks 
apply to unloaded circuits, 1.6.) those not fitted with artificial induc- 
tances. 

Incidentally, the accompanying curves may be of some interest. They 
represent measurements made with a secohmeter, on various types of 
loop, and they illustrate very graphically the fact that on short lengths 
the self-induction predominates largely over the capacity. As the 
length of circuit increases the curve first rises, but as the capacity 
effects increase more rapidly than the inductances, the curve reverses 
and falls until a point is reached in which the self-induction and the 
capacity neutralise one another. 

I have already referred to the question of increasing the self-induc- 
tion of telephone lines by the addition of induction coils at definite 
lengths. In America the question has been dealt with by Dr. Pupin, 
and considerable work has been done in that country in the direction 
of loading underground cables, as it is termed. The Post Office took 
up the subject at an early date in connection with its main under- 
ground lines, and a marked measure of success has already been 
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obtained. In one casc, that may be taken as an illustration, a cable 
containing 56/100 lb. conductors, was loaded by the insertion of coils 
at intervals of a mile ; the original factors were К = 17 ohms, К = 0053 
microfarad, L = га millihenries, апа the total added inductance 
per mile amounted to 40 millihenries, the original R being raised to 
21'34 ohms per mile by the addition of the coils. The equivalent range 
of speech was, however, increased from 66 to 176 miles. In the Post 
Office experiments on its long-distance lines so far, the use of iron in 
any portion of the coils has been found to be deleterious as compared 
with coils without iron cores. True, the volume of sound was always 
materially raised where iron was used, but at the cost of articulation, 
whist a judicious addition of self-induction without iron always 
improved both the volume and the articulation. 

Very satisfactory results have, however, been obtained in America 
and in Germany by the use of ring-coils with extremely fine iron cores, 
and further progress in this direction may be anticipated. 

On this subject a valuable paper was read by Dr. Hayes at the 
recent Congress in St. Louis, in which he shows how under suitable 
conditions the attenuation in long lines is materially diminished by the 
addition of suitable inductances properly spaced. His paper is a 
valuable contribution to our knowledge of the subject. 

Experiments with overhead conductors have not proved so satis- 
factory as with underground cables. The variation in the insulation 
of the open wires upsets the balancing due to the coils, and lightning 
troubles have affected the coils. For the present, at all events, this 
method of increasing the range of open conductors of limited gauge 
cannot be considered so satisfactory as the corresponding results with 
underground work, and opinions as to the future of open wire loading 
appear to be somewhat divergent. 


UNSOLVED PROBLEMS. 


Finally, there are the unsolved problems in connection with 
electrical methods of communication to consider. These are neither 
few nor unimportant. Dealing with the different hcads of my address 
inorder, the telegraphic problem is by no means finally solved, not- 
withstanding the years which have elapsed, and the growth of the 
system since its introduction. A means whereby telegraphic messages 
can be received at high rates of speed in type or written character 
ready for immediate issue to the public or the Press, appears to be one 
of the desiderata of the future. That this need is fully realised is shown 
by the ingenious inventions that have from time to time been received 
and experimented with by the most important of the telegraphic 
administrations in Europe and America. Incidentally I think I may 
truly say that one of the most painful duties imposed on the heads of a 
telegraph service is the rejection of inventions on which an untold 
amount of skill and labour have been expended, but which for one 
reason or another are not fully adapted for practical requirements. I 
have reason to hope, however, that we are now within a measurable 
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distance of a satisfactory solution of one branch of the problem just 
referred to. | | | 

Next, in wireless telegraphy, there is the difficult problem of perfect 
tuning which will obviate all mutual disturbances between different 
wave-lengths, and in addition it can, I think, scarcely be said that we 
have arrived either at finality in the matter of wireless receivers. In 
fact, the impression left on one's mind after a study of all the methods 
so far evolved is that we are even now far from having a thoroughly 
effective or reliable receiving arrangement, if we compare the reliability 
of wireless with that of telegraphic or telephonic communication. 

Then in telephony there are at least two fundamental problems 
which await solution. First, the invention of an effective telephone 
relay or repeater ; and, secondly, a method of extending the range of 
communication in submarine cables. 

In reference to the existing practical limits of speech on circuits of 
different types, it will be evident that these limits are such that it is 
not always possible to meet the requirements of the public over Con- 
tinental areas of great extent, or in cases where long submarine cables 
are necessary. Until recently all attempts to design a satisfactory 
telephone relay had failed, but the American Telegraph and Telephone 
Company have now under trial an instrument termed an Exalter, 
which, when placed in a suitable. position on a long line, materially 
improves the communication. I tried this recently between New 
York and Chicago, and I hope shortly to have an opportunity of 
experimenting with it on our long-distance lines and cable circuits. It 
is the first step that costs, and we may now look forward hopefully to 
other developments. 

Notwithstanding the very great advances made in the modern 
switchboard, the problem of affording intercommunication between 
very large numbers of subscribers is by no means finally solved. The 
largest multiple that can be fitted in practice on one board does not 
exceed 20,000 lines, and not only in London, but in several American 
towns, provision is being made in one building for numbers varying 
from 40,000 to 60,000 telephones, two or three separate exchanges 
being provided in one building. That this duplication and triplication 
of exchanges is the final solution of the problem no one would, I think, 
venture to predict, and as I have already hinted, there are indications 
that the difficulty may be met in another manner. 

The submarine cable problem for telephonic use is not an easy one, 
as gutta percha, which, so far as our present experience goes, must be 
used in some form, has such a relatively high electrostatic capacity, 
that it has not been found practicable to use it for really long cables, 
and the problem of loading, which at first sight would appear to offer a 
solution of the difficulty, has not yet been met in a satisfactory manner. 
Again, although much has been done in the direction of improving 
the methods of telephone switching—and only those can judge what 
progress has been made who are familiar with, for example, the modern 
central battery board, and can compare its working with that of the 
older forms—still we are by no means near finality, and there are 
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possible improvements and modifications looming in the not distant 
future which may profoundly modify our present practice. 

Finally, I have little doubt that the progress of electrical means of 
intercommunication will in the future go on unchecked, and that those 
associated with and responsible for such progress will in the course of 
the next few years bring about such developments that they will be in 
a position to compare in no unfavourable manner the advance of these 
particular branches of our work with that which we can foresce in all 
other branches. 

I cannot conclude this address without rendering duc tribute to thc 
able and indefatigable officers on my staff who have designed many of 
the improvements and havé conducted the numerous experiments 
which have led to the results I have endeavoured to lay before you; 
and I have also to thank Mr. Gill, the Engineer-in-Chief of the National 
Telephone Company, for his hearty co-operation in determining the 
limits of telephonic speech. 

I desire also to refer to the admirable work, both theoretical and 
practical, of our American confrères. Not only have they from the first 
occupied the premier position in the development of the telephone, but 
their readiness to impart their knowledge to those who desire to inquire 
into their methods deserves the warmest praise from those who have 
been privileged to get into close touch with them. 


Professor SILVANUS P. THOMPSON : Mr. President and gentlemen, 
there is an unwritten law of this Institution by virtue of which it falls 
to one of the Past-Presidents to move a certain resolption after listen- 
ing to the Presidential Address. It is very difficult, after listening to a 
Presidential Address bristling with so many facts, so many statistics, so 
many figures, so many things out of the common which we do not 
have to deal with in our everyday lives, to carry away a connected idea 
of what it has all been about. We are apt to be bewildered. We have 
been looking at the very beautiful curves that have been shown, and I 
have been wondering what they mean, whether those long lines 
referred to letters or sounds—whether the K, for example, was the 
sound of K as it occurs in speech or the sound of the letter pronounced 
kay. І rather suspect that a long series of those vibrations was due to 
the latter or vowel part, which was not the sound of K at all ; it was 
the sound of A. However that may be--and we shall have full infor- 
mation hereafter on the point—it is a matter of most intense interest ; 
and those of us who have studied thc problems of recording sounds by 
other and older methods for years past will hail with delight a new 
method, especially if it promises to give us more perfect detail in the 
recording of sound. My mind goes back to the experiments made 
twenty years ago by the late Professor Fleming Jenkin, with Professor 
Ewing as his assistant, when he unravelled for the first time, by aid of 
the phonograph, some of the mysteries of recorded sound, and told us 
of the then extraordinary curve lines, about which even now we know 
so little. We sincerely hope that the researches of Mr. Gavey and of 
his staff of assistants at the Post Office will prove to be of real scientific 
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value, quite apart from any commercial importance that they have, and 
I have no doubt whatever that that is very great. We have learned a 
great deal to-night. I cannot carry the tenth part of the figures he has 
given in my head. I think I heard something about there being 
seventy million messages sent in a year, and that over 150,000 cells 
have been saved in the Post Office by some method of switching tele- 
graph lines as though they were telephone lines by jacks somewhere in 
the Post Office. But I came to the conclusion that there was at the 
Post Office, and now at the head of this Institution, an extremely able 
personage, who had a very able staff at his command, and who directed 
them with uncommon energy and skill. I therefore venture, sir, to 
express the hope, in the form of the official language in which it has 
been placed in my hands, that you will kindly allow us to print your 
discourse in our Journal in order that we may have the benefit of study- . 
ing it at leisure. The motion I have to put before the Institution is : 
“That the best thanks of the Institution be accorded to Mr. John Gavey 
for his most interesting Presidential Address, and that, with his per- 
inission, the Address be printed in the Journal of the Proceedings of 


the Institution." 


Mr. JAMES SWINBURNE: Mr. President and gentlemen, it is my 
pleasant duty to second very cordially Dr. Thompson's vote of thanks 
to the President. In the Presidential Address Mr. Gavey called our 
attention to the importance of what some of us are rather apt to call. 
small engineering, and he has taught us to realise more thoroughly 
than we have done before that there may be an infinite amount of 
engineering in dealing with what аге almost infinitesimally small 
things. If therc i5 room for people like Kelvin and Heaviside to work 
in submarine telegraphy, and people like Lodge and others in wireless, 
there is plenty of room also, in the best engineering sense, for every- 
body to work at these matters now. Telegraphy is not by any means 
an easy subject, which is played out and all settled ; taking telephony 
and wireless telegraphy, it is really only just beginning after all. I do 
not know whether there are ever any advantag es in listening to a 
sermon, but if there are, one of them is that you can apply the things 
said in it to other people, especially the people who were not there. I 
hope, therefore, that the President will grant Dr. Thompson's request, 
and will allow the Address to be printed. I also hope that it will be 
sent to all the local authorities, and I wish they could be compelled to 
read the particular part of it which specially concerns them. No one 
who has not attempted to write a Presidentia Address has any idea of 
the difficulty of preparing it. The requirements are very serious. The 
Address must be written at a particular time, whether the President 
wants to write it or not—and he generally does not want to write it— 
and it has to be interesting, not only to a particular section of thc 
Institution, but to everybody. This requirement is one of the most diffi- 
cult, but I think, if I may say so, that the President has fulfilled it 
absolutely. I have never heard an Address delivered when we have 
had sucha full room all listening carefully to every word of it. Another 
requirement is that the Address must not be contentious, and I think we 
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all agree absolutely with everything that has fallen from our Presidents Mr. 
: : . . Swinburne. 
lips. I hope, therefore, we shall carry this vote with acclamation. 

The resolution was put to the meeting by Professor Thompson, and 
carricd by acclamation. 

The meeting adjourned at 9.40 p.m. 
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Proceedings of the Four Hundred and Thirtieth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 


November 23, 1905—Mr. Joun Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Meeting held on November 
9, 1905, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members— 


Robert Percy Brousson. | Herbert William Jones. 
Harry Richardson. 


From the class of Associates to that of Associate Members— 


Edward George Paul Bousfield. Samuel Irwin Crookes. 
George Henry Broom. George Alfred Neild. , 
Charles Henry K. Chamen. J. Frank Shoolbred. 
William Collins, Ernest Joseph Taylor. 


William Alexander Wilson. 


Messrs. C. P. Hammond and L. T. Healy were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
Members. 


James D. Erskine-Murray, D.Sc., Walter Harrison Tittensor. 
F.R.S.E. 
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Associate Members. 


Leolin Gordon Bain. | Austin Hopkinson. 

Frangois Victor Bornand Ernest Herman Friedrich 

Affonso de Oliveira de Albu- Hotopf. 
querque-Maranhao. Henry Lockyer Mortimorc. 


Albert C. Flesch de Nordwall. | Theodore Hansmann Schoepf. 
Edward James Evans. Jiu Kuma Tanaka. 
John Wilson. 


Associates. 


John Edward Bell. | Norman S. H. Sitwell, Captain, 
John Hill-Williams. | К.А. 
George Charles Alexander Wilkins. 


Students. 


Winfred John А. Anderson. Frank C. Moore. 

Moritz Ignatz Bergl. | Ernest Frederick Page. 
Colin Cooper. | Henry Hartley Pearson. 
Enrique de Galvez. | Thomas Frederick Potts. 
Reginald Danby Godden. | Howard Pricc. 


Edmund Eric Leigh Grundy. Gordon Kenitz Rouquette. 
Randall G. Hosking. Gilbert Colville Shadwell. 
William Nelson Huggins. Basil Milledge Venables. 


Guy Wilfred Wyles. 


The PRESIDENT: I have to make an announcement of a sad nature. 
You have all heard of the loss of the South-Western steamer Hilda, 
and no doubt you have also observed that one of the gentlemen 
who lost his life was Mr. G. A. Grindle, one of our old members. 
He had been a full member of the Institution from the early eightics. 
I have to ask your permission to send on your behalf a vote of 
condolence with his family. 

The motion was carried in silence. 


The meeting adjourned at 9.45 p.m. 


The following paper was read and discussed :— 
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THE APPLICATIONS OF ELECTRICITY IN THE 
ROYAL GUN FACTORY, WOOLWICH ARSENAL. 


By Colonel H. C. L. HOLDEN, R.A., F.R.S., Member. 


(Paper read November 23, 1905.) 


When it was suggested to me that I should put before the Institu- 
tion, in the form of a paper, a description of what had been done in 
the matter of electric driving in the Royal Gun Factory, with which I 
have been associated since 1899, I felt some diffidence in complying 
with the request, because it did not appear that a mere description of 
what had been done in this direction would possess sufficient interest 
unless there was some notable departure from ordinary practice, sincc 
the electric driving of factories is now fast becoming the rule instcad 
of the exception. 

As far as I am aware, some of the methods I shall describe and 
illustrate to you are departures from the ordinary methods in vogue, 
and on that account I am in hopes they may be of interest, and 
this must be my excuse for bringing them to your notice. I do not, 
however, intend to confine myself entirely to methods of clectrical 
driving, but will describe more or less briefly other applications of 
electricity which have been found to be of use in this particular 
factory. 

The question of the relative merits of individual motors for driving 
machine tools versus motors driving groups of tools has often been 
discussed, but no hard-and-fast line can be laid down as to when 
either system should be used, except, perhaps, for tools which require 
a large amount of power, certainly not less than 10 or 15 H.P. as a 
minimum ; but the converse of this is not true, because it may often be 
expedient to employ a motor of even a fraction of a horse-power for an 
individual machine. It comes to this, therefore, that each individual 
case must be considered on its own merits, and this is the principle on 
which I have worked. 

In the case of a great many conversions of workshops to electric 
driving all that has been done has been to substitute an electro-motor 
for the prime mover previously used, be it steam, gas, or other engine, 
and though this may have effected an improvement in economy and 
other ways, it is not by any means as good as if the whole system had 
been remodelled with a view to electric driving throughout. I may 
here explain, for the benefit of the few of those present who do not 
already know it, that the work of the Royal Gun Factory consists of the 
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manufacture of guns ranging from 3 cwt. up to 60 tons or cven more, 
and also in the manufacture of the breech mechanisms and other 
adjuncts and appurtenances of the guns themselves. This work 
necessitates a very large range of machine tools, from boring machines 
50 yards in length, and lathes of 100 fect bed, down to the smallest 
milling machines and lathes. There is therefore plenty of scope and 
opportunity for the employment of different descriptions of electrical 
drives. 

Although there were previously several instances where in the Factory 
electro-motors had been substituted for steam engines, it was only in 
1900 that I converted the first of two large boring machincs to a dircct 
dectric drive by means of a variable speed Schuckert 4-pole motor of 
5 B.H.P. (Fig. 1. The variation of speed was obtained by the now 
well-known method of varying the excitation of the fields, and thc ratio 
in this case was 1 to 3°5 or so, giving speeds of from 250 to 880 r.p.m., 
which is amply sufficient range, without any further gear, for the work 
that is put into these machines. 

The machines themselves аге of the simplest possible description 
The headstock which revolves the work carries between its bear- 
ings a large worm wheel (Fig. 1), which is driven by a worm shaft 
forming a continuation of that of the motor, but connected to it Бу а 
flexible coupling ; the thrust of the worm shaft, which in such large 
machines is very considerable, amounting to tons in some cases, is 
taken by a thrust bearing of marine type, and through this the cutting 
lubricant passes on its way to the boring Баг; this is only a precau- 
tionary measure, but, nevertheless, a necessary one, as not only is it 
very important that the machines should not stop during a boring 
operation, but also, as they have to run from early on Monday 
morning till late on the Saturday night, and are only stopped 
for shifting or adjusting the work or tools, it is imperative that any 
trouble that could arise from a heated bearing should be guarded 
against ; and I am happy to say that so far there has not been a single 
machine stopped from this cause. They run absolutely silently and 
without jar or vibration ; indeed, in this respect the worm and worm 
wheel, together with the electro-motor drive, is ideal; and even if 
it have the defect that it is slightly less economical than spur gear, 
this loss is more than compensated for by the extra accuracy of the 
work done and the freedom from breakage of tools. It would be 
impossible in a spur-gear driven machine, I believe, to fine bore a hole 
12 in. to 20 in. in diameter and up to soft. in length without a variation 
of o'oo4 in. in diameter, which is what these boring machines are called 
upon to do, and do to perfection, daily. 

The feed of the boring bar in the machines described is worked 
from the motor by means of a shaft, which connects it with change 
gear, similar to that of a lathe, at the other end of the bed, 150 ft. away. 
At this end there is also a 15-H.P. series motor, which can be 
mechanically coupled to the screw shaft moving the boring head and 
saddle, with the object of withdrawing or advancing one or both 
rapidly in either direction as required ; in this case I have introduced 
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a slip coupling (Fig. 2), which in the event of an overload not only 
slips, but also draws attention to the fact by making a hideous 
noise ; this is, I think, better in many ways than the overload release, 
and much more convenient, of course, than a fuse which has to be 
replaced. It may be interesting to you to know that the change to 
motor driving, and the improved control of the speed, enabled us to 
turn out at once more than double the former amount of work done 
per week. It was considcred necessary at first to put the control of 
the speed in the hands of the foreman only, and for him to lock up the 
shunt regulator ; this is now found to be an unnecessary precaution. 

A later development of this method of driving is one whereby the 
driving shaft, just mentioned as running the whole length of the bed, is 
entirely done away with, and the one motor, now a variable-speed shunt 
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motor, does all the feeding of the boring bar, as well as the rapid 
advancement and withdrawal of it and the saddle, the latter weighing 
ten to twelve tons or more. How this is effected is shown in the 
diagram of this feed gear in Fig. 3. 

'The action of the gear is as follows :—The motor drives the shaft 
through a flexible coupling Н. This shaft carries on it the magnetic 
clutch B, and. beyond the clutch the worm C. It also carries on a 
sleeve a pinion, and the overload clutch G, and an armature. The 
worm gears into the worm wheel above it, from which the change 
gear D, similar to that of a screw-cutting lathe, and situate behind the 
worm wheel, drives a horizontal shaft on which another worm engages 
with a second worm wheel E. "This latter can be clutched mechani- 
cally by the claw clutch A to the screw shaft I actuating the saddle. 
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The claw clutch A is moved by а hand-whcel in and out of position, 
and the lever F that moves carries a contact which only allows of the 
magnetic clutch B being in action when the claw clutch is disengaged. 
Thus normally the drive is through the worm wheels and the change 
gear, but when it is desired to move the saddle quickly the magnetic 
clutch is energised and the pinion on the motor shaft then drives a spur 
wheel which is keyed to the screw shaft I, the latter being thus driven 
direct. The feed can be varied practically to any extent required 
between the extreme limits by the combination of change gears and 
the varying speed of the motor. This gear is worked entirely from the 
main switchboard by which the man starts and stops and controls thc 
speed of the headstock carrying the рип tube, and the switches are so 
interlocked electrically that it is impossible either to start the fced gear 
or to leave it running unless the main motor is running. 

It will be seen that there is a magnetic clutch employed in connec- 
tion with this gear, and as such clutches appear in a good many of the 
illustrations in the paper, I may as well describe it in more or less detail 
now. 

This magnetic clutch is, of course, only a variety of a friction clutch, 
but it has advantages over the latter in that it can be used under condi- 
tions which would be impracticable, and in many instances impossible, 
for an ordinary friction clutch, owing to the fact that it can be as readily 
worked from a distance as from close at hand, whilst its action is 
quicker and more definite as to holding power, and it cannot possibly 
stick or seize. 

As will be seen from the accompanying illustration (Fig. 4), the clutch 
consists of five essential parts, the slip rings /, for conveying the current 
to the coil g, the circular magnet к, the demagnetising rings, so-called, 
f, and the armature which is merely a plain disc of Swedish iron or a 
piece of high permeability steel. The remaining portions shown in 
the block are merely insulating rings, screws, and nut for building the 
parts into the complete clutch which is shown at г, 

T wo of the first clutches made over fifteen years ago are shown in 
Fig. 5, and these are still in perfect condition. I am at present only 
using two types of these clutches, one rated at 6 H.P. and the other at 
25 Н.Р. at 3oo r.p.m. Owing to the fact that the voltage of the supply 
circuit was 300, and also to the difficulty that there is in winding bobbins 
with a finer gauge of wire than No. 36 S.W.G., or 0'0076 іп. diamcter, it 
was not practicable to make a smaller clutch than the size named, which 
is only 7°5 in. in diameter; indced, in this case even it is necessary to 
add r,ooo ohms resistance to that of the bobbin in order to reduce the 
current and prevent heating of the coil. 8,000 turns of wire arc 
employed in either case, the sectional area of the bobbin being one 
square inch, and the total capacity of the bobbin being 157 cubic 
inches for the 6-H.P. and 32 cubic inches for the 25-H.P. clutch. 21 
watts are absorbed in the magnetising coil of the 6-H.P. clutch and about 
42 in the coil of the 25-H.P. clutch. This gives an efficiency of under 
г5 watts per Н.Р. in the case of the 6-H.P., which actually transmits 

14°36 Н.Р, at зоо r.p.m.; the 25-H.P. clutch is still more efficient. 
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It will no doubt be readily seen that the diameter of the clutch 
has a more important effect upon the number of watts per Н.Р. 
transmitted than any other factor, and that it is quite feasible to 
transmit 1 H.P. for 4 of a watt or even less. The original pattern of 
demagnctising ring was a complete disc which is simpler and not 
impracticable, but obviously some of the lines of force are uselessly 
diverted by it, and where high efficiency is desirable it should not be 
used. Inthecase of the clutch rated at 6 H.P. the H.P. transmitted at 300 
revolutions is 12773 with the complete disc as against 14736 with the two 
rings—by perforating the disc with a ring of large holes concentric 
with the bobbin very nearly the samc efficiency is obtainable as with 
the rings, namely, 14°32 H.P. These figures as regards H.P. trans- 
mitted were obtained with the surface of the clutches dry and frec 
from oil, and it seems hardly necessary to point out that the H.P. 
which can be transmitted, if they are well oiled, is considerably 
reduced ; it is therefore necessary to arrange in designing the mounting 
of these clutches that oil shall not by any possibility work itself between 
the acting surfaces. I have not found any great difficulty in this respect. 
Wherc it is impossible or undesirable to prevent the adhering surfaces 
from becoming oiled, then the clutch must be rated Şo per cent. lower, 
or else made larger in diameter to transmit the same power as when 
kept frec from oil. Some 117 of these clutches are in daily work at thc 
Gun Factory, and arc applied to a variety of purposes, some of which 
arc illustrated in this paper. 

A view of the Gauge-room, Royal Gun Factory (Fig. 6), shows the 
method of driving the lathes and other machine tools which was 
introduccd when the shop was remodelled some four or five years аро; 
I have also some views of existing shops in which the old system of 
driving is still employed, so that any one who wishes may be able to 
appreciate the simplicity of the later system, as compared with the 
former. In the new arrangement, the motor, а 15-H.P., is attached to 
the wall and drives the main shaft, which runs down the centre oí 
the shop, by means of a belt at a point about midway in its length at a 
speed of 450 r.p.m. 

There is none of the usual countershafting and its multiplicity of 
belts ; instead there is one cone pulley over each machine, driving the 
machine in the usual manner with a belt. These cone pulleys are, 
however, not carried on the main shaft but on tubular bearings through 
which the main shaft passes quite clear, while the bearings them- 
selves are supported on brackets; the pull of the belt thus does not 
come upon the shaft when the cone pulley is not running and the 
machine is idle; the cone pulley carries the armature of the clutch 
at one end of it, and against this end the electromagnet with its 
collecting rings is keyed or otherwise fixed to the shaft. The pins 
of the demagnetising rings enter holes in its face, and keep this 
part of the apparatus in position. Very slight longitudinal play in 
its bearing is given to the cone pulley, and a slight bias is given to 
the belt drive, so that the tendency of the pulley is to run from 
the magnet when the latter is de-cnergised. It is found that by 
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adopting this simple method no spring or other device is required to 

keep the surface from contact or rubbing when the clutch is not in 
action. The extent to which frictional losses are reduced can he 
imagined when it is explained that when the motor-driving belt is 
thrown off and there is no current on the clutches, the main shaft 
can be revolved between the fingers. Theswitches used to actuate the 
clutches (Fig. 6a) are of a selective tvpe—that is, when the current is off, 
a pull at the switch rope puts it on, and a second pull cuts the current 
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off again; this appears from practical cxperience (о Бе тоге con- 
venient than the ordinary belt-shifting method in which two ropes 
are employed, one to put the power on and another one to cut it off. 
The base of the switch contains a condenser to render the extra current 
innocuous оп breaking the circuit. 

North-east Shop.—This is the most recent shop built in the Royal 
Gun Factory, and was designed with a view to electric driving. The 
work done in this shop is in connection with the smaller kinds of 
guns, and their mechanisms. It is a lofty building measuring 200 ft. 


46 HOLDEN: APPLICATIONS OF ELECTRICITY IN (Nov. 28rd, 


by 120 ft., with the now common saw-tooth roof, and divided into four 
bays running east and west. There is a gallery running all round it for 
fitters and bench work, offices, etc., and the large amount of glass 
makes it very light. Each bay is served by two 8-ton electric cranes. 
Altogether on the ground floor there are eighty-three machine-tools of 
which twenty-one are separately motor-driven, the other sixty-two being 
grouped and driven from one of the four main shafts which serve the 
same number of bays. The method of driving these main shafts 200 ft. 
long is by means of a 30-H.P. motor (Fig. 7) suspended from the 
girders and situated in the centre of the shaft, to each half of which 
it is coupled direct ; the speed of the shaft is 250 r.p.m. 
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FIG. 7. 


Grindery.—As in most modern workshops, it is the custom to grind 
the workmen’s tools for them, and not to allow them to do this for 
themselves in the old-fashioned haphazard way on a grindstone. In 
the grindery devoted to this work some twelve Gisholt tool-grinders 
are continuously in use, and the problem to be solved was to drive 
them in the most economical and efficient manner. The grinders were 
arranged half on either side of the shop, and driven by belting (Fig. 8) 
from a shaft running at very nearly the same speed as the wheels, and 
coupled direct through a flexible coupling to a 6-H.P. shunt motor 
standing on a bracket fixed to the wall. The speed of the shaft is 
1,400 r.p.m. Besides the tool-grinders there are also two small cutter- 
grinders, and in order to drive these latter, which are placed across 
the shop, it was necessary to have a shaft running at right angles 
to the other two. As the power required was small, this motion 
was transmitted by a friction disc and wheel, the wheel being 
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advanced so as to be in contact with the disc when it is required to 
rotate the shaft, which consists of a thin steel tube, and runs at 2,500 
r.p.m. Some doubt was expressed as to the life of these high-speed 
shafts and bearings when they were first erected, but as they have been ` 
working for the last three years with practically no wear, it is evident 
there is no need for apprehension that they will not last. The economy 
in transmission here is considerable, owing to there being none of thc 
usual countershafting ; it is not uncommon to see machines of this sort 
driven from a high-speed motor, which, from a small belt pulley on its 
own shaft, drives a large one on a countershaft, which again drives by 
means of another large pulley the small pulley of the grinder. The 
best wheels for use on these grinders for high-speed tool steel have 
been found to be carborundum ones. Carborundum, as we know, is 
itself electrically produced at Niagara Falls. 

Rifling Machine.—The method of driving of a large rifling machine 
for 12-in. guns is shown in’ Fig. 9. The term “rifling,” of course, is 
applied to the operation of cutting the grooves which run spirally 
along the bore of a gun. Їп order to do this, a bar carrying 
one or more tools to cut the grooves, is drawn through the gun, and 
turned as it is moving to give the required twist. The saddles 
which guide the bar are carried on a bed within which is the screw 
for actuating the bar; as this screw revolves in one direction or the 
other, so the bar is moved in or out of the gun—cutting is always 
done by pulling the bar through, not pushing it, and indeed I may 
remark that in boring operations it is always better to have the cutter 
bar in tension than in compression ; the end of this screw is coupled to 
a shaft passing right through the gear-box and supported in the bearing 
shown on the left of it in the picture. This shaft carries two magnetic 
clutches (Fig. ga), one on either side of the gear-box. The motor of 
30-H.P. drives a pinion which is always in gear with the teeth of the 
large internally geared wheel and also with a small spur wheel, running 
on the same centre as the former, but of course in the opposite direction. 
A clutch on the left connects the screw shaft to this latter wheel, whereas 
the clutch on the right attaches it to the internally geared wheel. It 
will be obvious that the direction of rotation of the screw shaft will be 
different, according as one clutch is in action or the other, and owing to 
the different ratio of the gears a quick return motion when not cutting is 
obtained. The motor and the gears run continuously in one direction, 
and therefore there is only the momentum of the screw shaft and 
inertia of the screw and saddles with the rifling bar to overcome on 
reversal of its motion. The action of reversing is entirely automatic, 
and worked by the movement of the rifling bar saddle. This drive 
works very smoothly and well—it enables the rifling of a 12-in. gun to 
be carried out in forty hours, six grooves being cut simultaneously, 
whereas only a few years ago the same operation, with one tool only 
cutting, took more than three weeks, working day and night ; no less 
than twenty-six cuts have to be taken to finish each set of grooves, and 
I am able to show specimens of the shavings taken. 

In contrast to this machine, I have an illustration of another driven 
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by the older method of crpssed belts, which go through the usual 
shrieking performance whenever the drive is reversed. Within the 
last few wecks, however, this latter machine has been dismantled in 
order to lengthen it, and fit it with a driving gear similar to the one 
already described. 

For lapping the bores of guns, an operation which has to be done 
in order to get the extreme uniformity of diameter that is necessary in 
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the bore, both during manufacture and sometimes after the gun has 
been in use, there are three machines in the factory for dealing with 
various sizes of guns. Two of these were designed to be driven by 
separate motors, and the third was converted to an electric drive. 

I may remind you that the operation of lapping is performed by 
means of an expansible lead-covered block or head charged with 
abrasive material, such as emery or corundum, which is attached to the 
end of a rapidly revolving shaft, and is capable, whilst revolving, of 
being moved from one portion of the bore to the other. А short 
and rapid to-and-fro motion should preferably be given to this head, so 
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as to prevent the cutting of rings in the bore. The largest of the 
three machines is devoted to the larger guns, such as the 9'2-1п. and 
the 12-in., and the motor is mounted above the saddle which carrics 
the lapping shaft, and drives the latter by means of a short link belt. 
The large pulley is attached to the shaft by a feather sliding іп a feather- 
way cut the whole length of it, and in this manner rotates the lapping head. 
The saddle is traversed backwards and forwards along the bed bya 
screw extending the whole length of the bed and similar to the leading 
screw of а lathe. This screw, however, is stationary, and the traversing 
motion of the saddle is produced by means of a revolving nut, which is 
driven also by a linked belt and through reducing gear from a pulley 
carried on the other end of the motor shaft. The quick to-and-fro 
motion is given to the bar by the sleeve, which is clamped on to the 
bar between the two cheeks of the saddle and has cam grooves around 
it in which guide blocks fixed to the saddle are made to engage when 
required. 

The liquid reverser, worked either automatically or by hand, is in 
front of the starting switch. The tightening of the belt is accomplished 
by sliding the motor across the saddle, and can be done by the hand- 
wheel when the machine is running. 

The next size of machine is somewhat similar in design, but the 
motor is underneath the bed, and drives by gear entirely ; the motor 
is not easily accessible, and is more liable to damage from emery and 
oil, and is mentioned merc as an example of how not to do it. I must 
add, however, that it works very well. A diagram of the switch con- 
nections is shown in Fig. Io. 

The smallest machine, situated in the north-east shop, is really a 
converted lathe, and is devoted to the smaller size of guns up to 
47in. I mention this asa practical example of the advantages possessed 
by magnetic clutches over the old system of reversing by a shifting 
belt. The machinc, originally, had two shifting belts with loose pulleys 
and a fast pulley between them, on to which the belts werc shifted 
in turn for reversing the direction of motion of the screw actuating the 
saddle. The central pulley was done away with, and magnetic clutches 
were applied to the other two ; either one of thesc can be energised 
by a rocking switch actuated by hand or automatically. The result of 
this change was to enable the saddle screw to be run much quicker 
than before, thc reducing gear between the pulleys and the screw 
being removed, and the latter driven direct, while the motion is reversed 
silently, instead of with a screeching of belts and clashing of gear. 
Altogether, four magnetic clutches are used with this machine, two on 
the main shaft, one to drive the headstock which rotates the gun, and 
another to drive the open and crossed belts, and then there are the 
two already described. This may seem a somewhat extravagant 
number to employ on one machine, but it is justified because the 
machine is not one that is in constant use, and the power absorbed 
by running three belts idle is very considerable, and quite a large 
figure. when compared even with the total capital cost of the clutches, 
instead of the interest thereon and depreciation. 
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An illustration is also given of a portable eléctric lapping machine 
(Fig. 11) for use on board a ship or elsewhere. The machine itsclf, 
which embodies most of the features off the large machine, is here 
attached to the muzzle of the gun, and rotation is imparted from the 
motor to the machine by a flexible shaft (Fig. 12). The forward and 
backward feed of the lapping head is obtained by means of a friction 
clutch, controlled by à small lever, which regulates the movement of the 
nut through which the screw feed bar passes. If the nut is held still, 
the bar advances at the highest speed ; if the nut is allowed to revolve 
at the same speed as the bar, no forward or backward movement takes 
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place; and if the nut is driven faster than the bar the motion of the 
latter is a backward one. In the first case the friction clutch is out and 
the nut held ; in the second case the nut is free to revolve ; and in the 
third case, the friction clutch being in, the nut is revolved at a higher 
speed than the bar, and so the bar is withdrawn. The power . 
required for ‘a lapping machine is always out of all proportion to 
the weight of metal removed; anc in this case a motor of 6 5 H.P. is 
necessary. 

"We now pass to the: IEE planing AcE and 1 
пїау here sáy that, so far as planing machines generally are concerned, 
I am in favour of cutting in both directions with two separate tools 
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whenever and wherever it is possible, the economy in power, time, 
and labour being greater than having a quick return stroke, for it is 
obvious that however rapid the return stroke may be, time is lost, and 
no useful work is done. This will explain why the gear is so designed 
that the speed of the table in either direction is the same. In the case 
of planing machines, as in the case of the boring machines, I hold a 
strong brief for the screw drive as against the rack and pinion drive. 
The former undoubtedly does the better work. The planing machines 
are driven by a shunt-wound variable-speed motor, which runs con- 
tinuously in one direction, and drives, by means of a bevel pinion, two 
bevel wheels revolving in opposite directions (Fig. 13) ; these two bevel 
wheels are concentric with the shaft which drives the screw of the 
planing machine, and are each furnished with a magnetic clutch, by 
which they can be attached to the shaft ; the clutches are alternately 
energised by a rocking switch, actuated by adjustable tappets on the 
bed of the planer. The reversing action of these machines is very 
quick and silent. No check or change of speed is discernible in the 
motor, though of course the ammeter shows a momentary rise of about 
25 per cent. on the reverse. 

The special shaping machines used for interrupting the screw 
threads in the breech openings of guns seem very well adapted 
to driving in pairs, and this arrangement has therefore been adopted. 
The motor drives a countershaft placed above it, and the two 
machines are driven each by its own magnetic clutch, from this 
countershaft, by belting. 

Mention may also be made of a heavy vertical milling machine, 
which was not originally designed for electric driving, but had to be 
converted. Though I am not in favour of very short belt drives when 
there is a difference of diameter between the driven and the driver, 
yet in this case it was almost the only arrangement possible, and, in 
point of fact, it has been very successful, the motor being supported on 
а T-shaped bracket attached to the upright of the machine, and to the 
portion of the frame carrying the driving-shaft. 

Earlier in the paper I described a separate-feed arrangement for 
a large boring machine, and I now propose to illustrate a smaller one 
for high speed solid boring fitted with а somewhat similar arrange- 
ment. The machine itself has a mandrel, which is driven by a 
motor through a single reduction gear, for the reason that, although 
it would have been preferable to drive it direct from thc motor shaft, 
this was not practicable, owing to the comparatively low speed 
required ; the thrust of the boring tool (which is very considerable) 
is taken by a ball-bearing of large diameter forming the back of the 
face plate (Fig. 14), a device which has been very effective. 

The feed gear is shown in Fig. 15. This, as in the other 
example, fulfils two functions, viz., that of the actual feed of the 
tool into the work, and also the quick withdrawal and advance of 
the same. In this instance two clutches are used, in conjunction with 
a claw clutch ; and besides the safety arrangement provided to prevent 
the feed gear running after the headstock is stopped, or being started 
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before the other is in motion, there is also a switch worked by the 
lever actuating the claw clutch, which prevents the two clutches being 
operated simultaneously, or even the wrong one being operated. 
When the feed is in operation the motor is clutched to the first 
worm shaft and turns the first worm wheel, which in turn drives 
the worm of the second worm wheel, and the claw clutch being 
engaged, the screw is driven, and the saddle carrying the boring bar 
advanced. If now it is desired to withdraw the bar rapidly, the claw 
clutch is withdrawn, and the motion of the lever effecting this allows 
the second magnetic clutch to be rendered active, and this clutches 
the pinion to the motor shaft, and drives the spur wheel through the 
intermediate wheels. The speed of the carriage when feeding varies 
from 33 to 115 in. per hour, whilst the quick return is from 7 to 24 in. 
per minute, or nearly thirteen times faster. 

In the south boring mill it used to be the custom, as elsewhere, to 
have each large boring machine supplicd with cutting lubricant by a 
small and separate plunger pump, but a short time since it occurred to 
me that it would be preferable to have a constant and gencral supply 
from one source, and to do away with the small separate pumps. A 
high lift centrifugal pump, driven direct from a motor, appeared to be 
the most suitable pump for the purpose, and the pressure required 
being only 30 Ibs. per sq. in., an old boiler was utilised as an accu- 
mulator and air vessel to maintain the pressure. The motor is coupled 
to the pump (Fig. 16) through a magnetic clutch and flexible coupling, 
and runs at r,200 revolutions per minute, the clutch being used to 
connect or disconnect the two when the pressure falls below or rises 
above the amount that the automatic switch is sct for. It is somewhat 
remarkable to see the extremely quick, and yet, as it must be, gradual, 
action of the clutch in starting the pump, which is of course started 
from rest with a full head—there being no appreciable delay or shoc : 
in so doing. ‘This installation has proved so successful that a second 
set is being obtained, to enable the whole shop to be supplied. The 
motor of the second set will be so arranged that it will only be started 
when the first set cannot mect the requirements. The pump takes 
I4 E.H.P. and lifts 300 gallons pcr minute. 

Once having introduced magnetic clutches into the workshop it is 
astonishing how quickly their applications seem to spread, and I 
propose to devote a few minutes to describing one or two special 
examples. 

In the testing-room there is a small piece of apparatus which is 
used for compressing to a predetermined amount the copper cylinders 
employed in guns for ascertaining the pressures developed by the 
explosive ; for instance, if a 15-ton per sq. in. pressure were anticipated, 
а соррег pressed to 12 tons рег sq. in. might be used. The pressure 
required is obtained by the weight of a column of mercury—the height 
of the column being varied by the displacement of the mercury by 
а piston of considerable area in a cylinder connected with the 
column. The piston is moved by a vertical screw, driventhrough gear- 
ing by an electro-motor, the copper cylinder being between two flat 
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and hard steel surfaces interposed between the end of the screw and 
the piston. , Means are provided for starting, stopping, and reversing 
the motor, but in order to get the practically instantaneous stoppage of 
the screw when the mercury has reached the correct height on the 
scale for the pressure required, a magnetic clutch is fitted as close to 
the screw as practicable, and is found to answer the purpose admirably, 
the switch controlling it being operated by the man's foot. The motor 
can then. be stopped, reversed, clutched in, and the pressed copper 
removed and replaced by another and so on, the whole process taking 
longer. to describe than to carry out in reality. 

Electricity has been of assistance to us in enabling the amount of 
eccentricity of the bore of a gun which, as sometimes happens, has 
from one cause or another become bent, to be readily ascertained. 
You will, I am sure, appreciate the difficulty in first of all ascertaining, 
and secondly actually measuring, the want of truth in the bore of a gun 
20 to 30 ft. from the breech end, which distance it may easily be, as 
the 12-in. gun is 45 ft. in length. The means adopted, however, are, 
thanks to electricity, quite simple (Fig. 17) A tapered steel tube, 
stayed and tied with a single gun wire so as to bring both ends of the 
tube to the same level, carries at one end a knife-edged contact wheel 
about 2 inches in diameter, this wheel being insulated from the tube, 
but connected to a flexible conductor passing down the interior of it to 
the other end of the tube which is fixed in the slide rest ; a dead beat 
galvanometer and a couple of dry cells complete the equipment. When 
the wheel touches the metal of the gun, the circuit is completed 
through the galvanometer, which indicates accordingly. The move- 
ment of the slide rest, necessary to make contact, reveals the amount 
of eccentricity. 

When any billet of steel arrives in the factory, the first thing to be 
done is to obtain a small quantity for.chemical analysis. This is 
generally taken in the form of fine drillings from a point midway 
between the centre and exterior of the billet (Fig. 18) and at both 
ends. Until current was generally available throughout the factory, 
this was quite a lengthy operation, involving the loss of time taken to 
fix a ratchet brace, and then the time to drill the hole in order to obtain 
the shavings ; by the aid of the electric drill, the time lost in fixing 
is eliminated entirely, and the drilling by power is quite a short 
operation. 

I feel that my list of applications would not be éomglelà if I omitted 
to refer to the use of the electro-magnet for lifting projectiles (Fig. 19), 
which was introduced by me many years ago when the 110-ton gun 
was in use. The cast-iron projectiles for proof were exceedingly 
awkward things to remove from the pile and sling for the crane to 
lift ; this was made delightfully easy by substituting an electro-magnet 
for the sling. The magnet used consisted of one piece of mild steel 
of P section, and то in. in length, with a single coil wound round 
it longitudinally — the surface magnetised was 3o sq. in. and the 
maximum weight it had to support 1,800 lbs, the weight of the 
projectile of the тто-{оп gun, though, as you will see, there was ample 
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power to spare. The weight of this magnet, complete with the 
shackles for attaching it to the crane hook, was under 56 lbs., and the 
electrical energy required for the maximum lifting power was 120 watts. 

In any large gun factory, or indeed in any factory where large 
masses of steel are heated, forged, and tempered, or otherwise treated, 
it has long appeared to be absolutely essential that some means should 
be provided of measuring temperatures. This is most conveniently 
done by electrical means, and without going into the history of the 
matter and a description of the various instruments that are available 
for the purpose of measuring temperature electrically, I will merely 
say that, for our purpose, the measurement by means of the electro- 
motive force generated by a thermo couple has been found to be the 
best adapted. 

The thermo junction we use is a platinum and iridio-platinum one, 
in conjunction with a modified form of D’Arsonval galvanometer to 
measure the electro-motive force which indicates the temperature. 
The instruments are fixed in various parts of the factory, and con- 
nected up to the re-heating, annealing, and tempering, etc., furnaces, 
as also to the lead baths (Fig. 20) for tempering steel specimens, 
in such a manner that the temperature of any one of them can be 
immediately ascertained by those in charge, and regulated accordingly ; 
but this is not all. From each of these centres, so to speak, line wires 
are led to the metallurgical laboratory, where there is a standard 
recording instrument, and by this means not only can a continuous 
record be taken of any operation desired, but the individual instru- 
ments can be, and are, constantly checked to ensure accuracy and 
uniformity with the standard, for which purpose the points are con- 
nected by telephone. The standard itself is checked by the usual 
method of observing the freezing points of pure metals at various 
points of the scale. The zero of all the instrument scales is the tem- 
perature of boiling water, which, where steam is always available, as in 
our case, is readily arranged for, and is in itself a check on the accuracy 
of the instrument. 

Automatic Water Clutch.—A_ difficulty arose in connection with the 
starting into motion of the heavy saddles of some double-ended boring 
lathes, by the 13 H.P. motors that had been supplied with them, and 
after some trouble with burnt armatures and fuses the following 
arrangement was tried with complete success :— - 

'The solid coupling was removed and a disc of cast iron, A, was 
keyed to the motor spindle B (Fig. 21). This disc carries a block of 
hard wood C on its face, the periphery being prepared with a semi- 
circular groove to carry an indiarubber tube D. This indiarubber tube 
is in halves, which are joined by a metal tube G let in across the 
diameter of the wooden disc. Outside the indiarubber tube is a split 
cast-iron ring E, similag to a piston ring, attached loosely to the iron 
disc so that it is free to expand. The tubes are then filled with water 
and the whole arrangement is fitted into a cupped disc F keyed to the 
shaft to be driven. When the motor is at rest the two portions of the 
clutch do not touch each other, but when the motor is started, and 
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as it gains speed, the water, acted on by centrifugal force, ex- 
pands the rubber tube, and this in turn expands the split ring, which 
eventually rubs against and then grips and drives the other half of the 
clutch. 

To sum up, there are at work at the present time in the Royal Gun 
Factory 134 motors of an aggregate rated horse-power of 1,903, whilst 
there are 61, either connected or ready to be connected, to the supply 
mains when current is available, of an aggregate rated power of 840 
horse-power more. They consist of one motor of тоо H.P., one of 
50 H.P., six of до H.P., thirty of 30 H.P., two of 25, eleven of 20, 
twenty-nine of 15 H.P., and thirty-nine of 10 H.P., the remainder 


FIG. 21. 


being under то H.P., and ranging down to 1 H.P. ‘rhe largest motors, 
viz, 100, 50, and до H.P., are all connected to individual machines. 
The number of magnetic clutches in use is 117, thirty-one rated at 
25 H.P. and eighty-six at 6 H.P. Of magnetic chucks and holders 
there are 16 in use, but fresh fields of application are continually being 
found for them, and their numbers are therefore constantly on the in- 
crease. Magnetic holders are of the greatest service in connection with 
surface grinding machines, and enable small steel work to be turned 
out with the greatest accuracy and rapidity. One instance may be 
given of the utility of the inagnetic lathe chuck, and that is in turning 
obturator rings. These rings are made from extremely hard-tempered 
steel, so hard, indeed, that they can only be cut at a very low speed 
with specially hard tools, yet it is found that, in spite of the small 
surface area they afford for the magnetic attraction, and also of 
their somewhat low permeability, the magnetic chuck is the most 
effective method of holding them whilst being turned that we have 
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yet been able. to devise, There is nothing very special in the construc- 
tion.of these magnetic devices ; they are designed with a view of 
taking the standard size of bobbins used in the clutches, and by 
filling the air-gap with brass are so made that they cannot be damaged 


in апу way by being used in oil or water. 


ЛЕ may. be of interest, I feel, if I add a few data as regards the 
amount of. material removed per E.H. P. per minute, on various 
machines—the E.H.P. is the gross amount required not only to drive 
the motor and machine but also to do the work 
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Professor W. E. AYRTON : I am sure I am expressing the voice of the 
meeting when I say that we have all been delighted to hear such an 
interesting account of the use of electricity that Colonel Holden has 
introduced at Woolwich. We must congratulate him upon having 
replaced so many of the ordinary methods of driving machinery by 
driving them electrically. It is a very important matter in workshops 
to get more light than you can ordinarily obtain on account of the 
amount of counter-shafting and belts that obstruct it coming to the 
work that has to be done. This extension of driving electrically, as 
many of you know, is going on at a very rapid rate throughout the 
world. I was very much interested only a month or two ago in being 
taken over the workshops of the Central South African Railways at 
Pretoria, and to find that even so far away from centres of .civilisa- 
tion every tool—and there were a very large number—was driven 
electrically. 

The qucstion as to whether you should have a single motor for each 
tool or whether you should have tools attached to lines of shafting, 
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each line being driven with a single motor, is one which we would шге г 
like to hear more about from Colonel Holden. At this particular work- n 
shop at Pretoria they had not arrived at any definite conclusion. As a 
rule there each tool was driven by a separate motor, but there were 
cases, as we saw in the gun factory at Woolwich, where they had 
a line of shafting driving several tools. I should be glad if, in his 
reply, Colonel Holden will tell us where he thinks the division should 
be drawn between separate motors and lines of shafting driven by a 
motor. There is another thing I should like to ask for some informa- 
tion upon, which very much interests me. We are all familiar with the 
new form, that is so much in use now in America, of having the lathe, 
or whatever thc machine may be, made complete with the motor ; 
that is to say, the motor is not an addition of any kind ; it is not some- 
thing screwed on to the floor, or to the ceiling, or put on a separate 
bracket, but the original casting of the lathe-bed, or whatever the tool 
may be, is made to receive the motor, so that the lathe, or tool, and the 
motor are made and sold as one piece of machinery. I am told there 
is an objection to that combination, namely, that it is very difficult with 
that arrangement to get perfectly truc running of your tool, that there 
is a certain amount of vibration introduced by the process. I should 
like to hear from Colonel Holden whether he has found that objection 
to be serious. 

There is one other point which also interested me very much which 
was mentioned casually in the paper, namely, the way of stopping your 
machine. Of course, one very simple method of doingthat with motors 
isto switch off the current ; but apart from that he mentioned a plan 
where what is usually the loose pulley is carried by a sleeve going 
round the shaft, so that the loose pulley is not on thc shaft at all. That 
is a plan which Mr. Mather and I introduced on trial at my laboratory 
some twenty odd years ago, and we found it to be so successful that it 
has been retained for more than one loose pulley ever since. The 
ordinary plan is that of allowing the belt to go on running after stop- 
ping the machine. There is another plan, and that is merely to shift 
the belt on to a pulley on the main shaft, a pulley which does 
not touch the main shaft. One of the advantages of that process 
is that everything connected with the tool is at rest, even the 
belt coming to it from the running shaft; there is absolutely no 
wear or tear, and no oil is required, because the wear and tear of the 
pulley, which is on the sleeve outside and not touching the main shaft, 
only occurs at the moment when the belt is being shifted from the 
Stopped to the starting position. "There is one objection, however, to 
that arrangement, arising from the belt being at rest when the tool is 
not being driven. You cannot, of course, easily shift a belt when a belt. 
isatrest. It is quite easy to shift a running belt from one pulley to the 
other, but it is very difficult to shift a belt at rest from one pulley to the 
other ; and the plan we adopted was that we simply moved the pulley 
which was on the collar surrounding the shaft a little sideways to bring 
it against the running portion of the shaft. That brings it into motion, 
and then you shift your belt in the ordinary way. 
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I was very much struck years ago with Colonel Holden's arrange- 
ment for lifting shot ; and wholly without reference to this paper—in 
fact before I had received it—only a few days ago I was showing to my 
students, during a lecture, an old photograph that he sent me some 
years ago showing the magnet lifting the 1,800-lb. shot, and I pointed 
out what an enormously valuable tool Colonel Holden had introduced. 
That is a thing which has been, I think I may say, copied by the 
Americans. When I was over there a little while ago I found in more 
than one factory that what may be called Colonel Holden’s method of 
moving masses of iron was in regular employment. Ап electro- 
magnet was brought down, the current was switched on, and the metal 
was lifted, taken away, and placed in its new position. 

Mr. S. A. RussELL : With regard to the use of worm gear, to which 
Colonel Holden referred, and the smoothness of the running, we in our 
works at Silvertown have had a very considerable experience of worm 
gear and have found it very advantageous indeed. We have found 
that, although the initial cost of the worm gear is high to start with, 
ihe wear is so small, repairs are absolutely never required, and the 
smoothness of running is so great that the initial expense is thoroughly 
justified. We are using it for a variety of purposes, and in sizes from 
150-H.P. down to about 2 H.P., and in all cases we аге getting 
satisfactory results. The thrust block that we are using is perhaps a 
little different from what is generally used. It is a marine type of 
thrust block, but instead of having the collars on the shaft, in one piece 
with the shaft, we have separate collars. There is a feather on the 
shaft, and on these feathers are placed alternately rings as distance 
pieces and the discs that are going to form the collars of the thrust. 
We have adopted that plan because we are able to get a very much 
better surface on the hardened collar, and so very considerably reduce 
the wear. When the collars are part of the shaft it is not a very casy 
thing to get a thoroughly good surface on them, and to get it really 
absolutely hard. We are using collars of Pitho steel, and we find they 
take a most beautiful surface and are dead hard, while the wear is 
absolutely negligible. 

There is one point in connection with the magnetic clutch that I 
would like to ask Colonel Holden's opinion upon. In connection with 
the centrifugal pump, he referred to the smoothness with which the 
magnetic clutch starts the pump. It is a thing I have not had any 
personal experience with beyond some unsuccessful experiments ; and 
it was that very difficulty of getting a smooth starting of the machine 
which was my trouble. It appears to me that the magnetic clutch 
must be so sudden in action that the starting of the machine must be 
very sudden, and if, as іп the case in which I was trying it, cotton 
threads had to be put in motion, there is a great difficulty about starting 
the machine up gradually enough to stop the breakage of the threads. 
Of course, the use to which Colonel Holden has put his magnetic 
clutches is possibly not quite so delicate as that of starting cotton 
threads, but his reference to that particular point of the smooth starting 
struck me as one I would like to get a little more information about. 
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Is there any appreciable slipping when the clutch is thrown into action, 
or do the clutch and armature come together and put the whole 
machine on almost at full speed? In the planer, for instance, when 
reversing, there must be a tremendous shock unless there is some little 
slipping ; and if there is that little slipping, then I should have expected 
to hear there was more wear іп the clutch than Colonel Holden speaks 
ofas existing, seeing that he spoke of clutches which had been run 
continuously for fifteen years and were still in excellent condition. 


Mr. A. W. MARSHALL: May I ask if Colonel Holden in his reply Mr 


would kindly explain the function of the demagnetising ring of thc 
clutches? It is not quite clear to me exactly what that is for. I think 
it would also be of interest if he would give us his opinion as to the 
merits of driving a planing machine by means of friction clutches for 
the running and reversing of the table. There was a large planing 
machine shown at the recent Electrical Exhibition at Olympia, which 
seemed to be working very well indeed, driven by means of a motor 
the armature of which reversed its rotation each time the table was 
reversed. It is not a question of single versus double cutting planers, 
but of reversing the heavy table and its load of work at the end of each 
stroke, a problem which has presented some difficulty with electric 
driving. Colonel Holden did not emphasise the wonderful working of 
the electrical cranes. At a recent visit to Woolwich Arsenal I had the 
pleasure of seeing many of the appliances which Colonel Holden has 
so very modestly described to-night. I was then much impressed with 
the rapid way in which the electrical cranes handled the work. It 
seems to me that a very great saving of time must result from their usc, 
and I should be glad if Colonel Holden could make some further 
remarks on the subject. There was one point he did not mention in 
his paper, and that is, in adopting such a large system of electrical 
driving it is of great importance there should be no interruption in the 
supply of clectricity ; and perhaps a remark or two from Coloncl 
Holden as to whether they have taken any special precautions to 
prevent the current being cut off from any of the shops at any time 
would be of interest, especially as he has said it is exceedingly 
important that the tools should not stop during some of the operations 
and that they have to run from one week спа to another, or at any ratc 
for a great length of time. 

Colonel HOLDEN (in reply) : In reply to Professor Ayrton, I am 
afraid I cannot draw any hard and fast lines, as I said in the opening 
paragraph of my paper, between the two systems of driving machincs 
with electric motors—that is, driving them individually, and driving a 
number of them from a line-shaft. I think that is a matter which can 
only be decided by examining cach particular case in detail For 
instance, where you have a number of lathes, say 6-in. or 8.in. lathes, 
you might just as well drive them off a line-shaft, provided you takc 
the precaution to reduce the frictional loss as much as possible. 
Supposing you drive ten or a dozen off a line-shaft, as I have done, I 
find that a 30-H.P. motor takes the load quite easily. They are not all 
working together, and therefore you are not asking the motor to do 
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Colonel anything like, in many cases, its full load—at any rate, the motor never 
Helden. is called upon to do the whole of the work that would be theoretically 
required from a number of lathes like that. There is also this objec- 
tion to driving tools individually, an objection which every one appre- 
ciates at once because it touches the pocket, that the cost of a number 
of small motors driving machines separately, with their switches and 
other arrangements, comes out very high compared with that of the 
single motor which will drive all the machines. Ав regards the 
building of the motor in with the machine, I think that, in a great 
many cases, it will work out all right. The cases in which 1 should 
employ it myself аге ones where you can drive the spindle of the 
machine more or less direct from the motor. Оп p. 54 you will 
° see an example of what I have done already in this direction. The 
picture (Fig. 14) is diagrammatic more or less of a high-speed boring 
lathe. It is a lathe with which we are able to bore a 3-in. hole in 
40-ton stecl from the solid at the rate of 5 feet an hour. That means 
to say that we must not lose any friction from the motor, and we 
must have means of taking up the enormous thrust produced when 
boring a hole at that / rate. In this case I intended originally to put 
the motor direct on to the mandrel that carries the tube that is ‘bored, 
and it was only the extra cost of a motor to run at the slow speed, 
which I think was 250 revolutions per minute, that made me adopt the 
plan that is'shown in the diagram—that is, to use a motor with single 
reduction, and drive the miandrel itself through a flexible coupling, an 
arrangement which gets ovér the difficulty that Professor Ayrton spoke 
about, the vibration ; td take up the thrust due to the boring there is a 
ЕК very large ball-bearing, behind what becomes practically the face plate. 
Mr. Russell; I am glad to say, fully bore out what I myself think are the 
advantages of worm gear. I was very much interested to hear the way 
in Which he had got over the difficulty of the thrust of the worm, 
because it is a ‘difficulty, and I spoke of it as a difficulty which I 
myself had to get over in the first instance. I know what the diff. 
culty of taking the thrust is. The end thrust of the worm shaft of 
one of these big machines amounts to something between three and 
four tons when the machine is doing its full work, and therefore it 
necessitates a fair amount of resistance and good lubrication to 
reduce the frictiónal losses to a small amount. А question was asked 
with regard to the smooth starting of the magnetic clutch. The 
answer to that is that it takes time to magnetise a magnet of that 
description, that thé magnetisation is a gradual operation, and therefore 
there must be a slip. Though the slip may not be appreciable to the 
eye, and may not be appreciable to the ear, yet it must exist. It is 
essential it should exist in order that there should be smooth working 
and no jar on the driven and driving portions of the machines. As 
regards wear, the answer I would make is that the wear is light because 
the pressure per square inch is small. I think that is the conclusion 
we can come to, and the only one, because we know that in practice 
the. wear is very small. I do not think I have had any demagnetising 
rings, as I call: them, replaced at all: due. to wear.. I think one was 
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destroyed оп one occasion, nobody quite knew how, but it was not 
from wear. Thc action of the rings, which was referred to by Mr. 
Marshall, is this. I think they do not form such a complete magnetic 
circuit as the turned and faced surfaces of the magnct and the 


Colonel 
Holden. 


armature. They are stamped discs of shect steel, and I think the two | 


partial air-gaps £hat are formed on either side of them greatly assist in 
demagnetising the magnet after the current has been cut off. But 
whether that is so or not, I have found throughout that it is essential to 
use some device of that sort. "The clutch will go on casily enough 
without the discs, but when you turn the current off it does not go 
off again. As regards the planing machines, апа the comparison of 
the type that I am using with another one which has been mentioned, 
Ido not want in any way to enter into any discussion as to the merits 
of individual systems. The only remark I would make is this, that 
when you are cutting in either direction with two scparate tools, 
you are doing the utmost work that the machine is capable of.if the 
machine is running at its proper speed, and as I said during my paper, 
it does not matter how fast you return the bed of the machine ; if it 
is idle during that time, timc is being lost because useful work is not 
being done. As regards the advantage or otherwise of reversing the 
motor, I cannot say, because I have not actually tricd it; in the system 
that I am using I run the motor at full speed the whole time ; it runs 
the same speed on the backward stroke as it does on the forward 
stroke, and the clutches merely determine which way the table should 
go. We have not found any difficulty about it, and therefore I 
suppose it is all right. As rcgards the interruption of the current, I 
do not myself supply electricity, I get it from a central station of 
which Colonel Bagnold, R.E., is in charge. We have ring mains and 
other mains, and of course we have a number of generating sets ; since 
the introduction of electric driving in the gun factory I cannot remember 
any case in which the current has been cut off by any accident. Of 
course it has been cut off for one thing or another by arrangement, but 
this has never interfered with the work of the factory at all. 


The PRESIDENT then proposed that the meeting accord a very Th 


hearty vote of thanks to Colonel Holden for his highly interesting 
paper, and the resolution was carried by acclamation. 


e 
President. 
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Proceedings of the Four Hundred and Thirty-first 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening 
December 7, 1905—Mr. Jonn Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Mceting held on November 23, 
1905, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 
Sam Handford. 


From the class of Associates to that of Associate Members— 


Joseph Percival Crowther. William Phillips. 
Frederick Andrew FitzPayne. Gilbert C. Vyle. 
Percy Good. ! Frank Henry Whysall. 


From the class of Students to that of Associate Members— 
Henry Morrison Bremner. | Thomas Garnett. 


Messrs. W. Henderson and R. E. Shawcross were appointed 
scrutineers for the ballot for the election of new members, and, at 
the end of the meeting, the following were declared to have been 
duly elected :— 


ELECTIONS. 
Member. 


Robert Henry Hammersley-Heenan. 


Associate Members. 
Charles Udall. | Harold Holmes Winston, 
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Donations to the Library were announced as having been received 
since the last meeting from Messrs. The Alliance Electrical Co., C. 
Bright, F.R.S.E., Prof. C. A. Carus-Wilson, The Electrician Publishing 
Co., The Engineering Standards Committee, Prof. J. A. Ewing, H.C. К. 
Fisher, К. Hedges, The Indian Telegraph Dept., W. P. Maycock, F. A. C. 
Perrine, Rentell & Co., Ltd., C. Rousset, The Scientific Publishing Co., 
Sir C. Todd, The Union Carbide Co., to whom the thanks of thc meeting 
were duly accorded. 


The PRESIDENT : I have a painful duty to perform in announcing 
to you the death of another of our old and honoured members. Sir 
Henry Fischer, who was well known in this country, and also on the 
Continent, for many years as the Controller of the London Telegraph 
Service, passed away at the end of last week after a somewhat painful 
illness, and I have to ask your permission to convey a vote of condolence 
to his family. 

The motion was carried in silence. 


The following paper was read and discussed; and the mecting 
adjourncd at 9.50 p.m. 


Ct 


Vor. 86. 
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THE CITY OF LONDON WORKS OF THE 
CHARING CROSS, WEST END, AND CITY ELEC- 
TRICITY SUPPLY COMPANY, LIMITED. 


By W. H. PATCHELL, Vice-President. 
(Рафек read December 7, 1905.) 


In February, 1894, our late hon. member, Major-General Webber, 
C.B., presented a paper to the Institution on *Some Notes on the 
Electric Lighting of the City of London. The works which he 
described were increased from time to time, and held the monopoly for 
the supply of electricity within the City of London area until the 
granting of a Provisional Order, which was confirmed by Parliament in 
1899, to the author's Company led to the construction of the works now 
to be described. 

The prospect of the large demand for electricity which must be 
provided for in the City, and also the necessity of further generating 
plant in connection with the rapidly increasing West End supply 


of the Company, called for the provision of a plant on a somewhat 
unusual scale. 


SITE OF GENERATING STATION. 


Careful search had been made for a site near the City and the 
existing areas of supply, but the most favourable that could be 
procured was at Bow, about four miles from the Bank of England and 
close to the main line of the Great Eastern Railway. Here a plot of 
about eight acres was found with railway and water accommodation, 
although the latter was not sufficient for condensing purposes. 


SYSTEM. 


The question of system had to receive very careful consideration. 
The demand in the City was for direct-current, and the supply in the 
West End, which was to be augmented, was also direct-current, so 
that the supply to the consumer was naturally settled as direct-current. 

When the plant was projected there was no large three-phase plant 
working in this country, and the relative merits of multi-phase and 
single-phase for generation and transmission had to be closely con- 
sidered. Abroad a multi-phase system had in many instances taken 
the place of single-phase, particularly in connection with long-distance 
transmission, on account of its economy in line construction, as well as 
the facility it presented for working motors, and the choice in this 
instance fell on three-phase. 


In considering the question of pressure, the author decided to take 
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the highest pressure that could be directly generated by the machines 
and used by the motors, as he was anxious to eliminate the complica- 
tion of static transformers and to save the extra space and switchgear 
necessitated by them. 10,000 volts was the pressure chosen. At the 
time the only 10,000-volt systems in this country were in connection 
with the Deptford station of the London Electric Co.,* who were working 
single-phase with step-up and step-down transformers, and the Willesden 
station of the Metropolitan Electric Supply Co., who were “онар 
two-phase with step-up and step-down transformers. 

The author has most pleasant recollections of discussions with 
contractors and specialists who tried to point out to him the great risk 
of working at 10,000 volts without transformers, and has been interested 
in watching subsequent developments. The Metropolitan Co. have 
put in all their subsequent plant for gencrating the voltage direct, 
and several large traction plants since laid out in this country are now 
eifher under construction or working at 10,000 to 11,000 volts, in each 
case without transformers. 

The periodicity chosen was 50 complete cycles per second. 


GENERATING STATION. 


The sizes of unit chosen for the gencrating plant were 800 k.w. and 
1600 k.w. The first portion of the plant ordered included two sets of 
each size. 

The building was laid out for а boiler-room 75 ft. wide, with two 
rows of boilers facing each other ; and an engine-room parallel to the 
boiler-room also 75 ft. wide, with 36 ft. 6 in. clear under the traveller 
hook. 

The question of stcam generated per square foot of ground space in 
the boiler-room imposes much more onerous conditions upon the 
designer than obtain when laying out the engine-room alongside ; in 
fact, if the engine-room is laid out first it is frequently found that great 
difficulty is experienced in getting the necessary steam from the boiler- 
room parallel with it. This has led to double-decked boiler-houses, 
and also to the development of the Chicago design, in which there are 
several boiler-rooms at right angles to the engine-room, which has been 
developed at Carville, Newcastle, and brought before the Institution by 
Messrs. Merz and McLellan.] 

As regards the type of plant to be adopted, it was felt that the load 
would grow so rapidly that no risk could be run with experiments, and 
the author therefore felt compelled to adopt such types of plant as 
could be seen in satisfactory work. The tenders for engines were sub- 
mitted on the slow-speed and on the high-speed basis. The only large 
high-speed engine working at that time was a single representative of 
the Willans type in the Paris Exhibition. 

А consideration of the tenders led to the selection of Messrs. Belliss 


“ Mr. С. W. Partridge writes under date of Dec. 12, 1905, that they-have been 
generating at Deptford since 1890 at a pressure ot 10,000 volts direct from the 
machines. 

f “ Power Station Design," Journal of Institution of Electrical Engineers, vol. 33. 
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& Morcom's high-speed vertical engines for the 8oo-kilowatt machines, 
and Messrs. Sulzer Bros.’s horizontal slow-speed engines for the 
1,600-kilowatt machines. These engines would lay out well on 35 ft. 
centres ; boiler-room considerations, however, led to the adoption of 
37 ft.6 in. centres. Figures 1 and 2 are plan and sectional elevation 
of the station respectively. The existing building is 300 ft. long, and 
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Fic, 3.—Hornsby's Horizontal Boiler. 
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the site is sufficient for the extension of it to 500 ft., arid the provision 
of a similar building alongside. | ОГ a 


BOILER-HOUSE. ` ds ; 
The boilers adopted were of two sizes, both made by Messrs. 
Richard Hornsby & Sons, Ltd., Grantham. The smaller size had 
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FIG. 4.—Hornsby's Horizontal Boiler with McPhail and Simpson's Superheate: 


already been in successful operation at the Charing Cross Company's 
Lambeth Works for some years ; the larger size was specially built for 
this work. | 

` Figs. 3 and 4 are front elevation and sectional elevations of the 
larger horizontal boilers, which are set in pairs. ` «` 
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There is one pair only of the smaller boilers, which were put іп at 
the end of the room for light loads ; these are fired in the usual way from 
the front only. 

A novelty was introduced in the case of the larger boilers, where a 
grate was arranged in the ordinary way at the front and another at 
right angles to it, which could be fired from the side. These second 
grates have proved to be of enormous benefit when sudden fog or a 
thunderstorm has called for an extra supply of steam at very short 
notice. Тһе ashpits for the two grates are quite separate, and are pro- 
vided with the usual doors. At times of light load the boilers are fired 
from the front only, and the doors in connection with the side grates 
are all closed. A little dust falls on the bars at the back which are not 
otherwise protected, but do not suffer from the high temperature to 
which they are exposed. As soon as the demand arises coal is thrown 
on to the side grates, the ashpit doors opencd, and the extra fires are 
got away with surprising rapidity. The large heating surface in pro- 
portion to the grate worked at light loads is an advantage, and the 
large size of boiler adopted gives much less radiating surface per 
square foot of heating surface than in the small sizes usually adopted. 

Notice is also called to the special down-comers with mud-drum 
and header for the bottom rows of tubes immediately over the fire. 

As mentioned above, the boiler-house was laid out for two rows of 
boilers in view of the larger enginc units to be put in later. One row 
sufices to supply steam to the horizontal engines, which leaves the 
space opposite them available for lavatories, office, workshop, and 
pump-room. 

Each boiler is provided with its own superheater of the McPhail & 
Simpsons' type, which was described by the author in his paper on 
Steam Superheating before the Institution of Mechanical Engineers, 1896 
(р. 142). Inthe small boilers they are fixed immediately under the drum, 
in accordance with the practice originated by Messrs. McPhail in 1893, 
but in the larger boilers it was recognised that in this position the 
gases would be so low in temperature that the amount of heating 
surface to get the desired effect would have to be abnormally large. 
They were therefore put in about two-thirds of the way up the boiler, 
as will be seen on reference to Fig. 4. 

The author has always been an advocate of large boiler units, 
both on the grounds of economy and convenience, and considers the 
horizontal type boiler, Figs. 3 and 4, about the limit in size for that 
type. 

The development of Messrs. Hornsby's “ Upright” type, however, 
presented further possibilities, which he gladly availed himself of. 
Last year a pair of these boilers were added, as shown in Figs. 5 and 
6; they are erected as one steam unit, and the author believes that 
they form the largest steam-producing unit in existence. 

The type of setting to be adopted was very carefully considered: 
Owing to the difficulties likely to be experienced, due to the expansion 
of such large walls in brickwork, it was felt that even if they could be 
kept upright they would not be air-tight ; a modification of the wrought- 
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iron casing used for marine boilers was therefore developed, free from 
the restrictions as to weight which are imposed on marine engineers. 

The first design adopted was a composite one of brickwork in the 
hottest area, extending about 8 ft. up from the ground line. This has 
been changed in a later design to wrought-iron casing throughout. In 
the fire zone the fire-bricks are 12 in. thick, while higher up tiles of 
6 in. in thickness are used, the brickwork being separated everywhere 
from the wrought-iron casing by 1 in. of magnesia. 
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Fic. 5.—Hornsby's “ Upright" Boiler with McPhail and Simpson's Superheater. 


The brickwork between the grates, which is honeycombed and 
carried up about 6 ft., becomes incandescent during working, and its 
effect, combined with the ample combustion.chamber, ensures a much 
more perfect combustion than is obtained in the horizontal type of 
boiler. Coal which might give heavy smoke when burned under the 
horizontal boilers can, with no more care taken in the hand-firing, be 
burned without smoke in the “ Upright " boilers. 
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In the case of these boilers the ashpit is divided, so that only a part 


or the whole of the fire grate can be used as desired, with a similar 
benefit to that described above. 


The upright tubes are a great improvement on the horizontal, both 


as regards external and internal cleanliness. The back sections act as 
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Ес. 6.—Hornsbv's “Upright” Boiler. 


water heaters or economisers with a definite circulation, any scale or 
sediment is deposited in them, and the front sections kept quite clean. 

The pair of “ Upright” boilers last erected as one steam unit have 
been steamed at the rate of 100,000 Ibs. per hour, and so will easily pro- 
vide steam under ordinary working conditions for a 4,000 kilowatt 
generating set. Superheaters were also included with these boilers, as 
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the author has long believed that a water-tube boiler without a super- 
heater is incomplete. 


Table I. giv es the leading particulars of the TT different sizes of 
boiler. | 


ТАВІЕ І. 


PARTICULARS OF HoRNsBY's HORIZONTAL AND “ UPRIGHT" BOILERS. 


Description. | Horizontal. Horizontal. “Upright.” * 

Working pressure, Ibs. per sq. in. 160 160 160 
Over-all length of boiler .. .. | 26 ft. 28 ft. 27 ft. 
Over-all width of boiler ... | I2 f. Şin. | 12 ft. 92 in. | 18 ft. 9 in. 
Ground space occupied in sq. ít. 3185 359 506 
Height to centre of drum.. 17 ít. 3 in. | 27 ft. Sin. | 28 ft. 
Water surface in drums in Sq. ft. 202 ' 244 268 
Steam capacity above working 

level in cubic ft... 320 460 418 
Water weight to working level 

іп Ibs. ... өз 46,930 74,597 78,440 
Heating surface i іп 5 sq. ft.... ins 4,590 ,100 10,850 
Grate area іп sq. ft. bs ess 62:5 125 168 
Ratio H.S. to G.A. 7344 to 1 65to I 64:5 to I 


H.S. per sq. ft. of ground space 
required per pair of boilers and | 
stoking... 117 12:6 21'45 


Normal evaporation per hour, Ibs. | 12,000 24,000 33,000 
Evaporation per sq. ft. H. 5, per | | 

hour, lbs.. 2:61 2:96 2704 
Superheater “surface per ' boiler, 

sq. ft. ied ET 4% ss 874 874 1,036” 


a re —————-———— A Me 


* Figures in this column refer to one boiler or one half the steam unit as erected. 


The question of economisers was considered, but it was decided 
that, except at times of top load, the large heating surface available in 
the boilers would render the necessity for an economiser very doubtful ; 
provision, however, was made for adding them at a later date should 
they. prove to be desirable. 


CHIMNEYS. 


A large amount of ground space is usually taken up in boiler-houses 
by the foundations of the chimney; the author therefore decided to 
adopt steel chimneys supported by the steel main frame of the building 
and placed over the firing space between each pair of boilers. The 
gases from the adjacent boilers are led into the foot of the chimney by 
a short [breeches piece, each leg of which is fitted with a regulator. 
It will be noted that this gives the gases an almost direct route from 
the grate to the top of the chimney, no brick flues are necessary, and 
no tortuous bends to throttle the draught ; in fact, readings taken on 
many occasions have shown that the draught available over the grate 
is practically that theoretically due to the temperature and head: 
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PUMP-ROOM. 


The water supply is derived from two 13" Artesian wells on the 
premises, 400 feet deep, which each yield 15,000 to 20,000 gallons per 
hour as required. The method of pumping adopted is the air-lift 
svstem, and the water raised is discharged into a large reservoir in the 
basement below the pump-room. From this reservoir the water is 
pumped by slow-speed compound steam Woodeson pumps to a tank 
at the'top of the building, from which it runs back by gravity through 
the water-heaters at the various engines to a tank over the pumps into 
which their exhaust steam is discharged and to which all the feed-pump 
suction-pipes are connected. ‘There are also alternative suction-pipes 
direct into the reservoir in the basement. The feed-pumps are all 
slow-speed compound steam W'oodeson type made by Messrs. Clarke, 
Chapman. 


GENERATING PLANT, | 


The first generating plant ordered consisted of two 800 k.w. sets and 
two 1,600 k.w. sets, but the demand arose so rapidly that before they 
were put to work two further 1,600 k.w. sets were ordered. Last 
year a 4,000 k.w. set was added, and a similar set has just been put to 
Work. 

The engines driving the 800 k.w. generators are three-cylinder 
triple-expansion, quick revolution, enclosed engines of Messrs. Belliss 
& Morcom's well-known type. They exhaust into jet condensers in 
the basement, the air and circulating pumps for which are driven by 
electric motors. 

The engines driving the 1,600 k.w. generators are horizontal cross- 
compound engines by Messrs. Sulzer Bros., of Winterthur. In details 
they differ materially from the usual type of.slow-speed engine, 
inasmuch as the connecting rods and cranks are enclosed, and the 
oil supply is continuous and under pressure. 

The valves are of Messrs. Sulzer's latest 4-seated pattern. The 
pistons are provided with tail-rods, and are supported outside the 
cylinders by special bearings. The cranks are set at 108° instead of the 
more usual 9o?, with the low-pressure crank leading. The exhaust 
steam from the low-pressure cylinder is divided in an oil separator and 
taken to two jet condensers, one on each side of the engine. These 
condensers stand on their air-pumps, which are driven from the high 
and low pressure crank pins respectively. 

The engines driving the 4,000 k.w. generators are vertical 3-cylinder 
compound, with the high-pressure cylinder in {һе centre and a low- 
pressure on each side of it driving on to cranks which are equally 
divided. By this arrangement excessive weight or dimensions of any 
of the parts is avoided, and an even turning moment is obtained. 

Figs. 7 and 8 show the general arrangement of the engine, and it 
will be noticed that here again the type approximates more closely 
than is usual in slow-speed sets to an "enclosed" high speed forced 
lubricated engine. | 
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The piston-rods, cross-heads, and connecting-rods arc entirely 
enclosed to prevent splashing. The oil is supplied under pressurc 
from a tank above the cylinders, and after running through the enginc 
bed to a filter tank in the basement it is returned to the tank at the top 
by pumps and used over again. 

The valves arc of the 4-scated type, as uscd on the horizontal 
engines. Main and safety governors are both provided, and thc latter 
in addition to automatically closing thc main steam valve opens an air 
valve to break the vacuum. This arrangement can also bc operated by 
a lever from the driver's stand, where all the hand wheels and levers 
necessary for working the engines are assembled. 

The jet condensers are provided with separate air-pumps driven 
from the low-pressure cross-heads. 

А special feature which shows clearly in Fig. 7, and has proved 
thoroughly satisfactory, is the adoption of fced-water heaters on all the 
engines inserted between the low-pressure cylinder and the jet 
condenser. 


CONDENSING. 


Although the Bow Back River suffices to bring freights of coal or 
machinery to the works, and affords an alternative route to thc railway, 
the water supply was quite insufficient for condensing purposes. As 
economical working cannot be obtained without condensing, and as thc 
space available was insufficient for cooling ponds, arrangements were 
made for the necessary cooling of the circulating water in towers. 

Jet condensing has been adopted throughout, due to the trouble that 
the author previously experienced in keeping surface condensers clean 
enough to ensure a good vacuum with the temperatures available when 
working in connection with cooling towers. 

As mentioned above, the Belliss cngines are served by separate 
condensers driven electrically, while the Sulzer engines each have their 
own duplicate condensers and drive their own air-pumps. 

The air-pumps deliver into steel hot wells, and froin these hot wells 
the water is taken by centrifugal pumps, direct-coupled to motors, and 
delivered into the cooling towers. The vacuum obtained under normal 
working conditions is between 25 and 26 inches. 


7 COOLING TOWERS. 


The cooling towers have steel circular shells, to which considerable ` 
objection was made by some makers who had previously been ac- 
customed to wooden shells for such plant. The steel type may not 
be so artistic, as it does not present such opportunities for decorative 
treatment as the timber, but the author considers that they are much 
more business-like from the engineering point of view. The standard 
unit of size adopted was for 25,000 lbs. of steam per hour on easy 
working. 

. Figs. т and 2 show the general arrangement of the towers, which 
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[Dec. "th, 
are 30 ft. in diameter, 58 ft. high to the base of the cone where the 
water is delivered into them, and 85 ft. high to the top of the chimney. 


EXCITER SETS. 


+ 


A small continuous-current plant has been provided to supply the 
energy required for the generator fields, station lighting, "and the 
various motors which drive the circulating pumps, coal cranes, 
travellers, etc. | | | 

The plant consisted of two of Messrs. Belliss & Morcom’s 3-cylinder 
triple-expansion quick-revolution enclosed engines driving 300 k.w. 
Lahmeyer continuous-current 200-volt dynamos, and exhausting into 
the same condensers as the 800 k.w. sets. These are supplemented by 


TABLE II. 


PARTICULARS OF ENGINES. 


Triple Verti- 


Triple Verti- 


: А 4 Compound Compound 
' zal Bell 1 Bell | р 
Туре of Engine. & More on: <M кш 5" Horizontal Vertical 
Ltd. - Ltd. ulzer Bros. | Sulzer Bros. 


. B.H.P. Normal 


р | лт 


———— | — ámá—— 


I 350 I120 2,500 6,000 
2. Steam Pressure, lbs. 160 160 160 160 
. Diam. H.P. Cyl. in 
xi inches... y е | ч 19 34% 504 
_ 4. Diam. М.Р. Cyl. in 3 
inches... m 17 28. x ai 
‘5. Diam. L.P. Cyl. in | 
З -inches á i | 24 43. бі 2—708 
6. Stroke ... 1o _12 20 594 51} 
| 7. усл | 1{0475| 1і512| rto3'15 | 1to4 
8. Revs. per minute... | 464 230 833 833 
9. Diam. Piston Rod in | Бо ч : 3 
“inches 22022150034 4. i 91 
то. Diam. Crankshaft | NUT 
... Bearings in inches | 6} 9% 19% 241% 
ІІ. Length Crankshaft | M А 
Bearings in inches I5 24 33er 3516 - 
12. Diam. Steam Pipe В 8 
in inches Je ә 9 14 
13. Diam. Exhaust Pipe : 2 
.  ininches | : | di 8 e «9 2-26 
I4. Floor Space occu- | 1,128. | 
| pied by Engine in|? 72 229 | including 540 
“5 АБ „зм wes | | generator | 
15. Overall height оғ | | E 
Р ] Engine.above : 6 84” 16’ 104" | ic pr | 33 4" | 
^» -. Floor Line .. | | “р | 
16. Weight Engine | | . 
without Genera- | I4. 414 | то 450 
tor, in tons 5:5 | d 
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two 350 k.w. motor generators similar to those used in the City, as will 
be described later, and by a Hart storage battery. 


Table II. gives the general dimensions and data for cach type 
of engine. 


GENERATORS. 


Probably the most striking feature in the generators is the clegance 
of design combined with solidity and stiffness of construction. In cach 
size of machine the stator is of the box-girder type cast in two or four 
parts held together by flanges and bolts. The frame is of sufficient 
stiffness to keep its shape without cither radial arms from a bossed 
centre or stay bolts, such as were lately fashionable in some types of 
machines. Such a construction saves weight, and if it were possible to 
use it in a rotor it would be excellent, but unfortunately the rotor 
must have weight to give the necessary steady turning, and the stator 
must be of such construction and so stiff that it will keep its shape 
under the strains which arise in working duc to magnetic pull and from 
heating. 

The stator-frames are all bored out in the vertical position in which. 
they will subsequently stand when permanently erected. 

The winding is in mica tubes embedded in slots which are nearly 
closed. Crossings of the wires are as far as possible avoided, and where 
the coils leave the iron core they are carefully wound over templates 
and covered over with insulating tape to prevent breakdown between 
adjacent coils or between coils and the frames. The coils are further 
protected from accidental contact by a strong perforated cover, which 
also enhances the appearance of the machine. 

If some of the theorics which have been advanced in connection 
with Mr. J. S. Highfield’s discovery of nitric acid in high-tension 
machines (vide The Electrician, vol. 54, p. 573) are correct, evidences 
of such acid might reasonably be expected in these machines, and it is 
interesting to note that even careful dissection and examination has 
revealed no signs of it. It appears to the author, therefore, that prob- 
ably the acid is duc to impurity of the insulating materials rather than 
to the destruction of pure material by ozone. 

The rotors or magnet wheels, which also serve the purpose of fly- 
wheels, are built up in one or four parts, and are held together by 
means of bolts and shrunk rings. Such rings are not only used at the 
hubs, but also at each side of the joints on the rim. 

The machines are provided with two sets of spokes or arms, The 
wrought-iron poles are solid, of circular shape, and bolted on to the 
wheels in such a manner that they may be dismantled at any time 
without altering the position of the stator. — 

No difficulty whatever has been experienced in paralleling the 
8ook.w. machines driven by high-speed engines with the larger machines 
driven by slow-speed engines ; any or all of the machines will.run in 
parallel in а way that reflects the greatest credit upon the respective 
engine and machine builders, and Bes confidence to the men who 
operate them.. 
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Figures 9, 10, 11, are reduced from working drawings of the 1,600 k.w. 
and 4,000 k.w. machines respectively. 
The drawings of the 4,000 k.w. machine are especially interesting, as 


they are perhaps the largest machines in this country, and if the present 
fashion for turbo-generators proves to be justified they will probably 


remain the largest. 
Table III. gives the leading particulars of the generators. 


Fic. 9.—Lahmeyer's 1,600 k.w. Generator. 
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TABLE III. 


PARTICULARS OF LAHMEYER GENERATORS. 


800 K.W. 1,600 K.W. 4,000 K.W. 
Normal. Normal. Normal. 
ft. in. ft. in. ft. in. 
I. Height above floor line ac 8 2% 17 1j 17 8 
2. Centre of shaft above floor) : 2 2 
line ... ) 9% 74 
‚ Ext length 
3 ше engt in direction | 7 5 6 19 
4. Extreme width 15 I 33 0 39 4 
| Stator. 
5. Outside diameter of frame ... 12 14 27 0 20 2 
6. Outside diameter of iron core 10 2 24 7 20 7 
7. Inside diameter of iron core 8 6 23 о 25 1 
8. Width of iron соге ... I 3 I I 2 1] 
9. Number of slots "Per Pole apd ) | 2 2 2 
| phase .. j! 
Rotor. | 
| Io. Diameter of flywheel oo 
| ing poles. | 6 оў 21 14 23 0 
11. Diameter of flyw heel over ы 
| poles ... " 8 58 22 113 25 0 
12. Number of poles T T 26 72 
| I3. Type of poles .. Tr isi Solid wrought i iron, bolted to the wheel. 
| іт 55 , Flat copper | Flat 21 
| 14. Pole winding ... ove ... | Wire, fat көрге edgewound 
| 15. Flywheel effect, ft. tons | 1,200 4, 9,300 
| 16. Total weight of machine, tons | 30 131 197 
| 17 853 


. Revolutions per minute  ... | 230 | 83:3 


MAIN SWITCHBOARD. 


Reference to the Figures 1 and 2 will show that the switchboard 
is at one side of the engine-room. It is arranged in two distinct halves, 
which, however, may be connected by an emergency switch. The 
generating plant is numbered consecutively, each of the odd numbers 
being connected to one half of the switchboard, and the even numbers 
to the other half. 

The Figures 2 and 12 show that the switchboard is practically 
athree-decker. The resistances for the fields of the machines stand 
on the main engine-room floor underneath the principal switchboard 
gallery. The panels carrying the controlling gear are upon the 
principal gallery. Тһе high-tension switches are placed on the 
upper gallery, and are worked positively from the principal gallery by 
levers, 

At first, chimney-type switches with fuses in series were used, but a 
little experience with them showed that, although they were very satis- 
factory for small machines, they were not reliable in connection with 
large machines and long cables. They have, therefore, been replaced 
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by oil switches, which are also fitted with rclays to act as automatic 
cutouts. 

The measuring of the high-tension circuits is done under Messrs. 
Lahmeyer's Schuler patents, in which опе coil of the generator is taken 
out to a one-to-one transformer, and from the secondary side of this 
transformer low-tension circuits are taken to the measuring instru- 
ments. 

Each machine has its own panel complete, which carries its main 
switch lever, synchronising lamps, field ammeter, main voltmeter, watt- 
meter, and watthour-meter. 

Each trunk main panel carries a watt-meter, ammeter, and watthour 
meter. 

Each half of the switchboard has its own E.H.T. ring busbars, which 
can be divided into sections by suitable links. 

Fig. 13 is a diagram of the main switchboard connections from 
the generators to the feeders, and shows the Schuler measuring trans- 
former connections together with the two halves of the switchboard 
and the emergency switch by which they may be connected. It 
will be noted that the two sets of busbars are kept distinct with their 
own allotted machines and feeders, and that sclector switches, by which 
the machines or feeders can be thrown on to cither busbar, are not 
employed. 


CABLE CHARGING GEAR. 


Cable charging gear is provided in the shape of a small motor 
generator and two transformers with suitable connections, so that it 
may either be used to run up the cables to working pressure or to test 
them at 15,000 volts. 

A three-phase generator is driven by a D.C. motor, and produces 
current at a normal 2,000 volts pressure. This current is then stepped 
up by a bank of two three-phase oil-transformers, and the pressure 
is varied by varying the field of the 2,000-volt generator. Special 
busbars and switches are provided in connection with the charging 
gear, so that a cable may be run up and then put in parallel with 
other working cables, or a working cable may be taken off thc 
main bars and discharged for testing or other purposes. 


TRUNK MAINs. 

Ten trunk feeder mains at present leave the gencrating station ; 
they are all threc-corc, lead-sheathed, paper cables Six of them go 
to thc City and four go to the West End; means of interconnecting 
the City cables and the West End cables are provided in the City. 
The cables are laid on the solid system in steel troughs, which are 
heavily bonded to comply with the Board of Trade requirements. 
The cables were ordered when it was believed that the Board of Trade 
regulations for Н.Т. applied to E.H.T., and under this rule half-inch 
insulation was provided between conductors and between conductors 
and earth, the latter so that the cables could be worked either with 
the middle point carthed or uncarthed as might bç found most 
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desirable. The author does not at all regret the extra paper, as, out 
of over seventy miles of cable, there has only been one cable fault. 

There was an unfortunate circumstance attending the delivery 
of one lot of cables, due to the makers having over-dried them to get 
a high insulation resistance, but the author is pleased to put on record 
that they were promptly replaced by the makers, and since they have 
been replaced there has not been a single fault upon them. 

Foints—No boxes were allowed to be built on the route of the 
trunk mains ; special joints, therefore, had to be designed which could 
be made in the steel trough without increasing the size of the trough 
or unduly diminishing the thickness of bitumen between the cable and 
the trough. Several types were tried; the original form selected is 
shown in Fig. 14. 

It will be noted that it consists of two ebonite discs to keep the 
three cores in position; short copper sleeves were sweated over 


ORIGINAL  E.H.T. CABLE | JOINT, 


MODIFIEO E.H.T. CABLE JOINT. 


Fic. 14.—E.H.T. Cable Joints. 


the three cores and a lead sleeve wiped on over all and filled up with 
cable compound. Further experience showed that the ebonite discs 
were better replaced by porcelain discs of the modified type shown, 
which givea longer path for creepage ; the form of lead sleeve also was 
improved. 

The heat due to filling the troughing on the solid system with hot 
bitumen causes expansion of the cable compound in the sleeve, and 
a void at the joint; this led to special precautions in the shape of short 
funnels, which were temporarily tacked on to the sleeve and projected 
above the top of the troughing. After the trough had been filled the 
insulating material in the sleeve was topped up, the funnel cut off, and 
the hole covered over. 


SUBSTATIONS, 


There are four substations in the City, each provided with a motor 
generator and battcry plant. As the type of plant used in cach is the 
same, a description of the Fenchurch Street substation will suffice. 
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Fig. 15 shows a plan of the basement and a scctional eleva- 
tion of the building. It will be seen that it is arranged for machines 
and switchboards in the basement; the ground floor may subse- 
quently be used as a battery-room, but it is very convenient for cable 
stores, trucks, and the other loose plant necessary for the street work 
of the mains department. The floors over are laid out for batteries. 

This building will take motor generator plant of 8,400 К.м. 
capacity, and battery plant of 1,600 k.w. capacity on a four-hour 
rating. | 

Swilchboards. — Тһе E.H.T. mains are brought to the E.H.T. 
chamber underneath the switchboard platform, and are there con- 
nected through oil fuses to the ring busbars. Each motor is con- 
nected to the busbars through oil fuses and a Siemens & Halske 
chimney-type switch, which are also fixed in the E.H.T. chamber. 
The switches are controlled positively by levers from the machinc 
operating panel on the switchboard platform above. 

Each motor- generator has its own standard panel complete. 
Main switches, ammeters, voltmeters, also field switches and ammeters, 
are provided for both the motors and gencrators. 

А synchronising gear of voltmeter and lamps combined is provided 
for the synchronous motors, and the motor field switches are omitted 
on the panels for induction machines. 

The synchronous motors are all started up from the generator side, 
and the starting switch is used as the main switch for one pole of the 
generator, while the induction motors can be started alternatively from 
the generator side or from the motor side, and arc fitted accordingly. 


MOTOR - GENERATORS. 


Induction motors are preferred in some quarters because they can 
be started up morc quickly, and it is believed that in the event of an 
accident they will maintain theirload better than synchronous machines, 
which, however, arc preferred by some engincers because of their better 
power factor. The regulation of the direct-current side сап be managed 
equally well with either type of machine under normal conditions. 

Rotary transformers have their strong advocates. For tram and 
railway work they are used largely of the fixed ratio type. Modifica- 
tions of this type to give a variable pressure аге more novel, but have 
been largely made by Messrs. the A. E.G. for. the Berlin works. There 
are also other patents by Messrs. Lahmeycr and Mr. Lacour for variable 
ralio rotarics. 

The small size of а rotary transformer as compared with a motor 
generator is very striking and seems much in favour; but it must be 
remembered that the necessary transformers are, like the condensers 
for turbo-generators, generally out of sight in a large basement, and the 
mind, if not the eye, must grasp them both together. 

It is stated that rotaries will givc a higher efficiency, but from any 
records that the author has been able to obtain of the practical working 
of the machines, the regulation, although good enough for a power load, 
15 not usually sufficiently good for a high-class lighting load. 


90 PATCHELL: THE CHARING CROSS COMPANY'S 


TABLE IV. 


[Dec. 7th, 


PARTICULARS OF MoTOR GENERATORS. 


Description. 


ALTERNATING CURRENT MOTOR. 


I. Overall Dimensions. 


Height above floor line бі 
Centre of shaft above floor line 
Extreme шн in direction of 


shaft ... 
Extreme width.. 


Revolutions per minute 


2. Slalor. 


Voltage, phase and cycles 
Outside diameter of frame 


Inside $ 
Width 


No. of slots per pole and phase 


3. Rotor. 


Diameter of а оуег 


poles ... 


Outside diameter of i iron core 


Number of poles 
Type „ 


Winding 


CONTINUOUS-CURRENT MOTOR. 


4. Field Magnets. 
Material .. 


Outside diameter of yoke 


Inside " 


Width of yoke ... " 


Number of poles 


Type Я 


Radial depth of Ша 5ай 


Winding 
5. Armature. 


Voltage and amperage 


Outside diameter 
Air gap 


Length of laminations - 


Number of slots 
Winding 

6. Commutator. 
Diameter 
Length ... 


Number of segments . ч 


Brushes ... 


Synchronous Type. 


7 mr 
4 4 
4 ІДД 

8 6” 
300 
(10,000 v., 3 ph., 
( 50 cycles 


5! 61" 


20 
Solid mild steel 
bolted to wheel 


Wire 


Steel 

, 2" 
6' ІДД 
1! M 


| steel laminated 
poleshoe 
104' , 
Wire 


400-480 v., 875 a. 


Series Parallel 


r т 
e 
384 
Equalising con- 
nections 


Induction Type. 


АА Nee 
BEEN 
ET. 
Е 34” 


2” 


10,000 v., 3 ph., \ 
50 cycles f 


Bar winding in 
slots with slip 
rings 


Cast iron 
7 (ДА 
IO 
5, o" 
г 13" 


laminated pole- 


р 8 
' (Solid, with mild | Solid, mild oie- | 


Equalising con- 
nections 


8 sets of 6 carbons | 8 sets of 8 carbons 


7 

552 

2/56 
езы n = а 
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After investigating the types of rotaries then available, and carefully 
considering the respective merits of synchronous and induction motors 
for the particular case, it was finally decided to adopt synchronous 
motors for the majority of the machines with one or two induction 
motor sets in each substation. In all cases the motors are wound for 
the full pressure of 10,000 volts, with a uniform size of motor of 500 Н.Р. 

Extreme solidity of construction was called for and heavy insulation 
to ensure freedom from interruptions, either mechanical or electrical. 
The results have so far quite realised the highest expectations. As so 
much, in fact everything, depended on the smooth running of these 
machines, the author did not feel justified in experimenting with light 
high-speed machines, and it will be very interesting to see whether the 
result of working some of the higher speed and lighter machines now 
being made is equally satisfactory. 

The motors in some cases drive 350 k.w. generators wound for the 
full pressure, 400 to 440 volts, across the “ outer " wires, and in some cases 
they drive two generators each of 175 k.w. capacity, which are wound 
for 200 to 220 volts, and are used as balancers on the three-wire 
system. Table IV. gives the leading particulars of each type of 
machine. 

Fig. 16 is from a photograph of a synchronous machine, and Fig. 
16a is from a working drawing and shows the same machinc in 
sectional elevation. Figs. 17 and 17a are similar views of a balancer 
set driven by an induction motor. 


STORAGE BATTERIES. 


The batteries at Fenchurch Street at present comprise 204 cells, each 
of 4,000 ampere hours’ capacity at a four-hour rate, made by Messrs. 
The Tudor Accumulator Co. The overall dimensions of cach cell are 
24 in. х 48 in. X 45 in. high, and its weight in the working order 
3,000 Ibs. 

In accordance with the author's standard custom for several years 
past, end-cells are not used, their place being taken by reversible 
boosters. When he first used this system in the Short’s Gardens sub- 
station the motors were wound for the Lambeth pressure 1,000 volts 
direct-current, to avoid double transformation losses. Had boosters 
with high voltage motors been used in the City, the size is so small that 
step-down transformers would have been necessary. It was therefore 
decided to use the ordinary pressure from the “outers” of the distributing 
network for running the motors. They are thus available at all times, 
no matter whether the E.H.T. plant 1s running or not. 

As the author mentioned in the discussion on Mr. Highfield's paper 
on Reversible Boosters at this Institution in Igor, hand-regulation is 
used throughout. The conditions obtaining are better met by hand- 
regulating than by automatic regulation, which, although excellent for 
tramway work as used by Mr. Highfield, would not be so convenient for 
the work now under discussion. [A drawing of one of the machines is 
given in Dr. S. P. Thompson's * Dynamo Electric Machinery."] 
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Practically no movement of the brushes is required from no load 
to full load of 1,200 amperes. The latest construction is even better, as 
in it the generator machines аге provided with compensation poles, and 
can be run from full load in one direction to no load, and up to full 
load in the other direction, without moving the brushes or showing any 
signs of sparking. 

Battery-room floors have frequently caused some anxiety. In the 
author's experience, with small cells where there is apt to be a good deal 
of acid splashed and dropped, blue-brick laid on cement, but grouted 
up with pitch instead of cement, has proved thoroughly satisfactory. 
He has also used asphalte, but found that this was not sufficiently 
hard ; the cell-bearers sink into it in course of time. In subsequent 
work where the cells do not stand on lead-covered steel joists they 
stand on concrete screeded over with a hard cement, smoothed off and 
tarred with two coats of Stockholm tar. This has been found to with- 
stand any acid dropped on to it in the ordinary course of working, and 
has proved a cheap and efficient floor. 


SUPPLY. 


The supply into the districts presents little novelty. The Ludgate 
area was first supplied from the Western districts of the Charing Cross 
Company at 2 x тоо volts on the three-wire system by simply extend- 
ing the existing network, and supplementing the supply from the old 
substations with a temporary plant in Ludgate substation. Before 
Bow Generating Station was started there were more than 50,000 lamps 
supplied in this way : the pressure, therefore, was kept at 2 x тоо until 
this year, when a change to 2 x 200 volts began to be effected. "The 
other three districts of the City, Fenchurch, Cannon Street, and Beech 
Street, are all supplied at 2 x 200 volts. | 

The feeders and distributors are paper insulated, lead-covered 
cables laid on the solid system, with spareways into which further 
feeders can be drawn as required. Each feeder is provided with 
an automatic cut-out in the substation, and the distributing networks 
supplied by separate feeders are interconnected through enclosed- 
type fuses. 


GENERAL WORKING RESULTS. 


The Bow plant began to run іп Мау, I902. Fig. 18, showing 
weekly B.T.U. delivered into trunks and coal used, is interesting, as it 
indicates the value of the plant more truly than any other tests. 

The units and coal are plotted on a 1 to 4 scale, and it will be 
noticed that almost throughout the coal used is less than 4 lbs. 
per unit, . 

The coal used at first was large Welsh, but in the second half 
of 1904 small Welsh began to be used in gradually increasing 
quantities, and through the winter not much more large coal was 
. used than was necessary for lighting the fires, and a little on the peak. 
During the year 1955 the quantity of large coal used has been 
infinitesimal. 
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As mentioned on page 83 the chimney-type switches first installed 
have been replaced by oil switches in the generating station. 

Before the type of switch and fuse was decided upon in the year 1900 
extensive test-room experiments were made, and under any conditions 
there obtainable the chimney-type switch and tubular fuses operated 
satisfactorily. Various fuses were experimented with. The type 
adopted consisted of two tubes in parallel. The main tube was of 
glass, about an inch and a half in diameter, and open at each end. 
It contained the main fuse wire. A second tube of ebonite, very small 
in diameter, containing a fine wire fuse, intended to break last and 
take the spark, was fitted in parallel with it. Experience, however, 
showed that laboratory tests are of little value as indicating the 
performance of switches and fuses which may have to open circuits 
under the working conditions which obtain in a large power plant. 
It was found that these fuses were apt to maintain the arc instead 
of breaking promptly when the 1,600 k.w. machines were working. - 
A further set of experiments were then made, first in the ‘direction 
of filling the glass tubes with cable compound and also with oil, 
neither of which were satisfactory, as the heat in the fuse wire was 
conducted away by the surrounding compound, and it was therefore 
impossible to correctly calibrate a fuse; and further, the small 
explosions made in the oil or cable compound due to the fuse acting, 
distributed the medium in the immediate vicinity and so rendered this 
type of fuse impossible for switchboard work. As the experiments 
were continued a type shown in Fig. 19 was developed, which has 
operated most satisfactorily. It will be noted that, while it is an 
oil fuse, the actual fuse wire is above the surface of the oil and 
covered by a little insulating chamber, which contains the metal 
vapour until it is blown under the surface of the oil as the bottom 
terminal of the fuse is dragged away by the action of the spiral 
spring. 

The substitution of oil switches for the chimney-type switches 
in the generating station rendered the retention of fuses there un- 
necessary, but this type of oil fuse is now being used throughout 
the substations. 

Previous inquiry as to the procedure with three-phase underground 
lines, none of which were working at more than 6,000 volts, and also 
with overhead lines at higher pressures, showed generally that no par- 
ticular care was taken in switching the cables in or out ; but the author 
was not satisfied that the plant herein described, comprising large 
machines and long underground cables, could be worked at 10,000 
volts without special precautions ; he therefore arranged for a complete 
oscillograph investigation to be made by Mr. W. Duddell. 

In view of the great importance of the matter and the dearth 
of public information on the subject, the results of the investigation 
will be found in the Appendix. The investigation was undertaken 
jointly by the author's company and Messrs, Lahmeyer, and he is 
indebted to them for allowing the publication of the report, and also 
to Mr. Duddell for the thorough and painstaking way in which he 


Fic. 19.—Oil Fuse. 
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carried out the tests. He also takes the opportunity to put on record 
his high appreciation of the debt that engineers owe to Mr. Duddell 
for the invention and perfection of the instrument which renders the 
carrying out of such tests possible. 

The general scheme of the tests was first to take the pressure 
curves of the generators under steady running conditions with the 
station busbars only energised. Further curves were then taken 
of the machines running on one and more feeders, and also of the 
pressure between the cores of a cable when only some of the cores 
were connected to the busbars, the neutral point, as usual, being 
connected to earth. The curves taken under steady conditions were 
obtained on photographic -plates. 

The research was continued by investigation as to what occurred 
during switching when the records were taken on films. Preliminary 
switching tests were made at 5,000 volts, that is, half normal working 
pressure, when the maximum volts were found to be about twice the 
normal. 

The result of the experiments was to show that resonance was 
more likely to occur if the periodicity was varied, and that, therefore, 
itwas dangerous to switch a cable in at a low frequency and then run 
up to normal speed on the cable, and that the safer procedure was 
to switch in on the normal frequency with low volts and then raise 
the pressure. 

It was then further shown that under working conditions, in the 
event of a circuit being opened through, for instance, the action of 
a fuse, a surge was likely to occur, and that it would be safer to 
provide spark-gaps. A spark-gap in itself, although a safety-valve 
for a surge, may start a rush of current which will cause further surges. 
The use of spark-gaps as a remedy may easily be worse than the 
disease ; it is therefore very important to carefully consider the amount 
and form of resistance to be used in series with them. The common 
form of horn-type spark-gap was experimented with and abandoned 
in favour of a spark-gap of the type shown in Fig. 20, which has 
carbon on the one side and copper on the other. The travelling 
of the spark up the parallel portion of the horns is increased by the 
chimney action of the glass enclosure, and the result of many tests 
has been to show that they may be calibrated and set with much 
greater accuracy than the ordinary bent wire horn type. 

As regards resistances, a non-inductive type must of course be 
used, and after many experiments an extended trial was made with the 
form of liquid resistance, also shown in Fig. 20, which consists of 
earthenware vessels filled with a solution of glycerine and water. 
What at first appeared to be unaccountable changes took place in 
some of the resistances; investigation showed that they were due 
to the action of sodium or other salt іп the air. Alternative solutions 
have also been tried with sodium in them which were found to be 
more constant. 

Further experiments have been made and are still being made 
in the direction of dry resistances, as, no matter how good it may 
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FIG. 20.—Spark Gap with Resistances. 
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be, a liquid resistance always has the disadvantage that it is liquid 
and may leak. 

Attempts to obtain rods made of graphite mixture have not up 
to the present been successful, and forms of pressed graphite contained 
in cylinders, though satisfactory for low pressures, have not yet 
proved reliable for high pressures, 

In view of the amount of high-pressure plant now being made, 
the author hopes that manufacturers will give attention to this detail, 
and produce a high resistance of small bulk which can be relied on 
under working conditions. 

The width of spark-gap employed 15 4:5 mm. for 10,000 volts work- 
ing pressure, i.e., 5,800 volts between each phase and earth with the 
centre of the star earthed. A spark will jump the gap at 12,000 volts 
when the horns are clean and the atmosphere normal. 

Occasional and irregular working of the spark-gaps soon attracted 
attention, and the author determined to try and find out the causes 
which resulted in these surges. For this purpose a detector was 
extemporised for experimental use and subsequently adopted in a 
more permanent form. 

Fig. 21 is a diagram of the connections. The apparatus con- 
sists of a small transformer with its primary inserted in the earth 
wire of the spark-gap resistance, without adding appreciable self-induc- 
tion to the circuit, and a relay which is actuated by the secondary and 
rings a bell, or it could equally well mark a time recorder. 

When a discharge occurs the relay shutter falls, causes the bell to 
ring, and so calls the attention of the switchboard attendant, who notes 
on a report form the exact time, and whether any change in switching 
or alteration in the conditions of running was made. These reports 
are then collected and examined with the running logs of the other 
stations, when frequently the effect in one place can be directly traced 
to the cause in the same or another place. But again there are many 
occasions when no cause can be assigned. 

Irregularities when starting up machines, although not sufficient to 
affect easy synchronising or switching in, are prolific causes of spark 
discharges. 

On two occasions small measuring transformers have gone to 
earth, and their failure not only immediately followed discharges, but 
was preceded by discharges during the previous day. 

Faulty insulators have caused interruptions, and on nearly every 
occasion discharges have been reported, which emphasises the fact 
that sudden interruptions cause surges all over a system. Another 
curious fact is that after a failure the spark-gaps have acted for some 
time after all obvious indications of the trouble were over, from which it 
would appear that a system took some time to recover from a severe 
Shock ; in fact, it might almost be human in this respect. 

The subject of surges is a very interesting one, and the author 
hopes it will be taken up in other quarters, and that such data may be 
forthcoming as will throw light on some of the unexpected incidents 
that happen in working E.H.T. plant. 
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The author mentioned the effect of atmospheric changes to 
Professor Epstein, who subsequently found that he could so set a 
spark-gap that it would, when protected from dust, give very reliable 
indications of the humidity of the atmosphere. 

In conclusion the author tenders his apologies to the members for 
the length of the paper, and for the omissions in it, many of which 
might be filled up by another paper if time permitted ; and thanks to 
various manufacturers for the ready help they have given to him. 

He also takes the opportunity of thanking his assistants for their 
help in carrying out the scheme and in the preparation of the paper ; 
they are too numerous to name,'but special thanks are due to 
Mr. H. W* Kingston, who took nearly the whole of the photographs 
shown. 


APPENDIX. 
OsciLLOGRAPH TEsTS AT Bow GENERATING STATION. 


The accompanying wave-forms on Figs. 22, 23, and 24, show the 
effect of increasing the load from o to 500 К.у. оп one of the small 
sets and the effect of the capacity of the cables on both machines. 
The wave-form with a load of 250 k.w. is very similar to that obtained 
when there was no load at the end of the feeders; the last curve with 
500 k.w. is a little more irregular. 

As the wave-forms are very satisfactory in shape under all the 
conditions examined, it remains to consider the possibility of dangerous 
conditions arising due to different arrangements or to future 
extensions. With the 1,600 k.w. machine there is a tendency to a 
resonance of the 13th harmonic with 3 City feeders, and to a resonance 
of the 11th harmonic with 4 City feeders ; that is to say, with a capacity 
of 3 feeders the circuit formed by the generator and feeders has a free 
frequency of 650 (N per second, and for a capacity of 4 feeders 
550 С\) per second. Reducing this by Kelvin's law, the free frequency 
would be 1,100 сч) per second for one feeder. 

The resonances which may be dangerous are those of the 
fundamental, the 3rd (the 3rd harmonic exists between one terminal 
and the neutral point) and sth harmonic. Їп order to obtain a 
resonance of the fundamental, which would be very troublesome and 
dangerous, the product of the self-induction into the capacity would 
have to be 484 times as large as with one feeder and one 1,600 k.w. 
machine. The self-induction of the 800 k.w. sets is probably double 
that of the 1,600, so that for a resonance of the fundamental with an 
800 k.w. set about 240 times the capacity of a City feeder would be 
required ; this is never likely to occur. The resonance of a 3rd 
harmonic is also for the same reason unlikely. A resonance of the 
5th harmonic would require 19'4 times the capacity of a City feeder 
with a 1,600 k.w. set ; and 977 times with an 800 k.w. set. This could 
therefore occur with the present plant, though it is not likely that 
nearly all the feeders will ever be connected to an 800 k.w. set at times 
of light load. 
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P.D. Wave-forms with neutral point of Generator earthed. 


800 k.w. Alternator. à 1,600 k.w. Alternator. 


On Open Circuit. On Open Circuit. 


1 Feeder connected, No Load. 1 Feeder connected, No Load. 


ЖАТАР N 


3 Feeders connected, No Load. 3 Feeders connected, No Load. 


SN f 
/ N/4 


6 Feeders connected, No Load. 6 Feeders connected, No Load. 


(Scale. 1 mm. = 1,000 volts.) 


FIG. 22. 
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1,600 k.w. Generator energising 1 Feeder. 
The Oscillograph was connected between Cores 2 and 3 of Feede:. 
Neutral point earthed. 


Only Core No. t connected to Generator. 
No visible P.D. between Cores Nos. 2 and 3. 


Only Core No. 2 connected to Generator. 


= 


Cores Nos. І and 2 connected to Generator. 


NON 
NA 


(Scale. I mm. = 1,000 volts.) 
FIG. 23. 
Station Busbar Wave-form at times of Light Load. 
800 k.w. Machine. 2 Feeders connected. 


Neutral point not earthed. 
One 350 k.w. Synchronous Motor loaded 250 k.w. 


/ ANN 


; Two 350 k.w. Synchronous Motors each loaded 250 k.w. 


A 
ÁN 


(Scale. 1 mm. = r,ooo volts.) 


FIG. 24. 
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If at any time it is proposed to energise one or more of the feeders 
by means of any apparatus having a high self-induction, such as a very 
small alternator used with or without transformer, great care must 
be taken that the self-induction does not have such a value as to 
make it possible to have a dangerous resonance of the fundamental 
or one of the harmonics. It is to be noted that larger generators 
than at present installed will probably have /ess self-induction, and will 
therefore be, if anything, less liable to produce resonances; also 
several generators in parallel behave as if they had less self-induction 
than one machine. It appears, therefore, that as regards resonances 
the plant is very free from dangers. | 


SWITCHING TEsTS AT 5,000 R.M.S. VOLTs. 
800 k.w. generator switched on апа off Cannon Street feeder on open 
circuit recording wave-form of P.D. between Cores Nos. 2 and 3. 

Frequency 50 (N per second. 

The cores were switched on and off one at a time, the switching 
being made between brass contacts in air. There are many wave-forms 
omitted between one print and the next. 

Neutral point earthed. 
Switched on and off in the order 2, 3, I. 
Switched on Core 2. 


А /N AAAA AAAA 


Vv? VV \/ | 


Switched on Core 3. 


МлллллААААЛАЛ 
уччу үүнүү ү | 


Maximum volts 9,800. 
Switched on Core I. 
(No effect on wave.) 


Switched off Core 2. 
(No effect on wave.) 


Switched off Core 3. 


ҚАДАЛА AAA AAA 
IVVVVVVUVVV NN 


Switched off Core I. 


АТАТАТАТАТАТА 
J| M VAVAVAVA CS 


(Scale. I mm. = 1,000 volts.) 
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Maximum volts 4,100. 
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800 kw. generator switched оп and off Cannon Street feeder on open 
circuit recording wave-form of P.D. between Cores Nos. 2 and 3. 


Switched on and off in the order 3, 1, 2. 
Switched on Core 3. 
MA AA AA PN £N A 


y---7--7--7-22-2-x. 


Maximum volts 4,000. 


Switched on Core 1. 


NAAN 
AVAVAVAVAVAVAVAVAVAVAVAVAVAN 


Maximum volts 5,000. 


Switched on Core 2. 


AA ААЛ Л ЛЛ Л 


ЛА, 
ЯЛДАЛЛАЛАЛАЛАЛА 


Switched off Core 3. 


AAW 


Switched off Core I. 


A 
VAVAVAVAVAVAVAVAVAVAVAVAVAS 


Switched off Core 2. 


TANAANA 
„чычым VW VY 


(Scale. 1 mm. = 1,000 volts.) 
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As might be expected, the highest P.D.’s are recorded when the 
oscillograph is connected between the first and second cores which are 
switched on. Тһе highest instantaneous value of the Р.П. recorded 
was 9,800 volts, or nearly twice the R.M.S. value (5,000), so that it 
should be just safe to switch on a feeder on open circuit at 10,000 
R.M.S. volts: if the insulation will stand 20,000 R.M.S. volts, this 
would give a margin of safety of about 40 or 50 per cent. 

The oscillations which occurred between the self-induction of the 
generator and the capacity of {һе feeder are very high frequency, and 
die down so quickly that it is difficult to estimate their frequency with 
any accuracy. Measurements on the tilms make the frequency about 
750 N per second, and this is in accordance with the value one would 
expect deduced from the tendency to give resonances under steady 
running conditions which have already been noted. 

Any sudden change of voltage on the cable, or of current through 
the machine, will tend to set up oscillations whose amplitude will be 
the greater the less the losses in the system, so that any sudden 
changes in P.D. or current, especially when a cable is on open circuit, 
are dangerous. Thus it is dangerous to switch on an unloaded feeder 
or to switch off, or remove by a fuse, a very heavy load or short circuit, 
if by so doing any unloaded or lightly-loaded feeder is left connected 
to the generator. Added to the high P.D.’s produced by these 
oscillations, which do not seem to exceed three times the R.M.S. 
value, there are the much higher P.D.’s which can be set up when any 
unstable arcs or sparks occur in the circuit. 

It is most important to avoid any arcs or sparks of any sort what- 
ever occurring in the circuit, or they will probably produce sufficiently 
high voltages to break down the insulation. The breakdown of the 
insulation in a single place generally produces an arc or spark there, 
which in its turn aggravates the evil, producing still higher voltages 
and further damage. Thus a single tiny arc or spark may lead to the 
breakdown of a lot of valuable plant and cause an interruption 
of supply. 

As it is necessary to be able to switch in and out fceders without 
shutting down the station, charging gear was provided for the purpose. 


DiscusstoN AT MEETING ОЕ ЮЕС. 7, 1905. 


Mr. CARL SULZER: I think Mr. Patchell has dealt with his task in 
such an able and masterly way that very little, if anything, remains 
to be added ; but should any particular questions with regard to the 
engines be put, I shall be very glad to answer them. When Mr. 
Patchell entrusted to my firm the work of building the large engines, 
we quite realised the great responsibility and the confidence he placed 
in us. If I may mention a personal recollection, I would say that it has 
always been a great pleasure to me to discuss questions pertaining to 
engines with Mr. Patchell, who is such a verv thorough engineer, not 
only in electrical matters, but in all matters relating to steam engineer- 
ing. We have discussed the question of compounds against triples; we 


Mr. Sulzer. 


Mr. Sulzer. 


Mr. Sparks. 
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have discussed superheat, jet condensers, direct-driven pumps, besides 
many other things, and Mr. Patchell’s judgment has been responsible 
for the solution we have found to those questions. I think great credit 
is due for the able way in which Mr. Patchell has dealt with his task. 
Mr. C. P. SPARKS : I regret very much that the paper was not in our 

hands some little time before the meeting, as with a paper covering such 
a large ground as this it is almost impossible to speak without prepara- 
tion. First, with regard to direct generation at high pressure, Mr. 
Patchell in the course of his remarks corrected the statement made on 
the second page of his paper with regard to the Deptford station, and 
I should like to add a word in addition to what he has said. The fact 
is that this generation of 10,000 volts direct by the alternator was 
not only the first in England, but I think we may claim credit for it 
being the first in the world, with underground cables, at such a pressure. 
I was connected with Mr. Ferranti at the time and worked out the 
design with him, and I know that these machines were projected in 
1887 and worked on the supply of London in 1890. Тһе next point as 
to extra high pressure machines is the interesting one which my friend 
Mr. Highfield drew our attention to last year in connection with the 
formation of nitric acid in alternator coils. I think Mr. Patchell's 
explanation on page 79 is the correct one, namely, * It appears to the 
author, therefore, that probably the acid is due to impurity of the 
insulating materials rather than to the destruction of pure material by 
ozone.” My own view is that the proper way of building these coils is 
to impregnate the insulating material at a very early stage of the 
manufacture. The insulated wire should be treated by some vacuum 
process and impregnated with insulating material; or, better still, the 
whole coil when wound, if it is not a slot-wound machine, should be 
put into an impregnator, the moisture extracted, and the interstices 
filled with insulating material. When that is done, I think the difficulty 
which Mr. Highfield has drawn attention to is not likely to occur. The 
next note I have is with regard to cables on extra high pressure 
systems. I think the safety of these extra high pressure paper cables 
has been overlooked. It is the exception to get a fault on alternating- 
current cables. The difficulties of direct current due to electrolysis 
are very great, but when cables are carefully manufactured and care- 
fully laid the deterioration on the alternating-current cable is very 
small. So long as the lead or sheathing is kept impervious to moisture, 
we may say there is no depreciation at all. I understand the cables in 
this case have been laid solid. That is, in my opinion, a mistake in 
such a city as London. Owing to the value of the road space and the 
expense of reinstatement I think a conduit system is the right system 
to adopt, so that repairs or additions сап be carried out without in- 
convenience to the public. With regard to the site of the station, 
there are so few of us that have the opportunity of saying “This shall 
be the site of a great undertaking," that the choice of a site is of special. 
interest. Without wishing to be critical, I should very much like to know 
why thissite was chosen. If Mr. Patchell had to go several miles outside 
the area, why was not the site put even farther away, where he could 
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not only get the advantage of rail-borne coal but sea-borne coal direct 
in steamer, and water for condensing purposes in large quantities ? 
With regard to the gencral lay-out of the station, there is one feature in 
the boiler-house, namely the chimney, which I have always envied Mr. 


Patchell every time I have seen the station. Owing to the regulations . 


of the London County Council, we are not allowed to erect steel 
chimneys of the type used, inside London—it is thought to be a danger 
to the public; but by going outside the metropolis, away from the 
control of the County Council, Mr. Patchell has been able to avoid the 
London Building Acts and to put up steel chimneys, which, in my 
opinion, is the proper way to carry out work of this description. 

With regard to the boiler-house, I am not able from the figures I 
have seen to make any comment at the moment. The large boiler 
appears to me to be of very great interest to all of us, but without 
comparative figures before one as to what has been done elsewhere 
one is unable to appreciate how great the merits are, although I have 
no doubt that on investigation we shall find them to be of a very high 
order. With regard to the coal consumption of the station, here again 
I should like more information with regard to the load factor and the 
actual coal consumption. The coal consumption is shown on the 
diagrams to be below 4165. per unit generated at the station, Welsh 
small coal being used. Under 4165. may be a good figure, if it is 301; 
but, on the other hand, if it is 3:9 it is not, in my opinion, a good figure 
at all. As the station is equipped with the very highest class of steam 
reciprocating machinery, with the latest type of boiler, and with all 
modern improvements, I should have looked for a lower figure from 
this station, which has been running now for some two and a half 
years, than something under 4 lbs. of Welsh small coal. I hardly like 
to give any figures of the stations I am connected with, because they 
are old and the units are small ; but, with North-country slack coal, we 
get a figure of 44 lbs. per unit generated, the cost of the North-country 
slack coal being less than the cost of the Welsh small coal delivered in 
London. But the date of these stations is hardly comparable with the 
Bow station, and the average size of the unit is about one-fifth. With 
reference to the concluding part of the paper, Mr. Duddell carried out 
some very valuable tests in 1902-3 for the County of London Electric 
Supply Co., about the same time that the tests were carried out for 
Mr. Patchell. We have derived very great benefit from Mr. Duddell's 
advice and from the experiments he made ; and, as I have said before 
in this hall, I think all of us are very much indebted to him for his 
invention of the oscillograph, which helps us to investigate problems 
for which no other instrument was of any assistance. We had two 
types of switches then in use, one an air brake and the other an oil 
brake; but Mr. Duddell showed us that the oil-brake switch was the 
only reliable and safe form of switch to use; and I hope at the next 
meeting he will present some of the diagrams showing that this oil- 
brake switch does break at the neutral point. With regard to the fuses, 
the same thing applies—the oil fuse is the only safe form; and I 
entirely agree with Mr. Patchell that at the engine-house you should 
have oil-brake switches controlled by automatics in place of fuses, 
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DISCUSSION AT MEETING OF DEC. 14, 1905. 


. Mr. С. Р. Sparks: At the last meeting, when I commenced the 
discussion on Mr. Patchell's paper, owing to its reaching my hands at 
such a late date I was unable to refer to the paper in detail, and I 


suggested that the details of the boiler to which he has called our 


attention required time to investigate in order to compare it with other 
practice. With regard to this big boiler, I think the first point is to 
consider what is the limitation with regard to boiler practice. The 
limitation really is the size of the furnace. Assuming that you cover 
the whole of the available area of the stokehole with the furnace, then 
it becomes a question of building upwards to obtain the necessary 


` heating surface. Mr. Patchell, by putting before us a boiler whose fire 


grate is the area on which the boiler stands, has reached the limit of 
boiler performance by covering the entire available area with fire 
space. With reference to the heating surface of this boiler, it is given 
—on p. 74—as 10,850 square feet. The biggest boiler I have used up to 
the present has a heating surface of 6,182 feet. 

Mr. PATCHELL : That is only half the boiler. Two of these are set 
as one unit. 

Mr. SPARKS: Two of mine are set as one unit; so that we will 
revise the figures to 21,700 square feet and 12,364 square feet. Mine 
are also set two boilers in one unit. 

Mr. PATCHELL: Not in one block—one common furnace for two 


. boilers; do not get wrong. 


Mr. SPARKS: Referring to p. 74 of the paper, I see that the “upright 
boiler " is given as having a normal evaporation per hour of 33,000 lbs. 
and a heating surface of 10,850. That is the figure of 10,850 I am 
referring to. It may be a half unit or a whole unit. In the case I take 
the heating surface is 6,182 for one boiler which is half a unit, which 
would be therefore 12,364. If one compares the normal evaporation of 
these boilers, Mr. Patchell’s gives a figure of 33,000 as against my 
figure of 20,000. The normal evaporation per square foot of heating 
surface in Mr. Patchell's case is given as 3°04; in the case of the boiler 
I quote it is 33. The ratio of the heating surfaces to the square feet of 
floor space occupied by the boiler in the case of Mr. Patchell's boiler 
works out at 21; in the case I refer to it is 18'4. The principal 
difference appears to be this very large over-load capacity which 
Mr. Patchell's boiler possesses, as he has run the double unit up to 
100,000 lbs. evaporation, which is 50 per cent. over the normal. These 
boilers, I understand, are hand fired; in the case I quote they are 
stoked with mechanical stokers. With the mechanical stoker of 
the chain-grate type, which I use in this case, one is able to 
evaporate the full normal output of the boiler continuously ; 
whereas with hand-fired boilers, although they possess great peak 
capacity if run at continuous load for ten or twelve hours, one is 
bound to deduct a very considerable portion of output for “ fire- 
cleaning.” In my opinion a boiler-house with hand-fired boilers 
requires to have 25 per cent. greater capacity than if it were fitted with 
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boilers with mechanical stokers. Then this boiler is referred to as 
dealing very well with the smoke question, using Welsh small coal. 
Well, we have other types of boilers, water-tube boilers, set with large 
combustion chambers, and when run with chain-grate stokers they also 
satisfactorily solve this smoke difficulty, and at the same time they 
enable you to use a lower priced fuel. With regard to the fog load, 
that is a common difficulty with us all in London, and from my 
experience I say it can be adequately dealt with by a mechanical 
stoker of the chain-grate type. There is one further point I should like 
to mention, and it is this. Mr. Patchell has given us figures relating 
to the Bow station. If he could in his reply give us figures showing 
the losses in the various parts of the system, so as to show us what is 
the coal cost of a unit delivered as direct current from the substations, 
I think it would be of much interest to the members here to-night. 

Mr. J. S. HIGHFIELD: I am glad to say that I have read Mr. 
Patchell’s paper with great care. Mr. Sparks has dealt with the 
boiler question so completely, that all I can say is that I entirely agree 
with what he has said, especially with regard to the area of the fur- 
naces and also the ability of mechanical stokers to deal with any fog 
load that one is likely to get. I should like, first of all, to deal with 
the question of pressure. Mr. Patchell says quite early in his paper 
that he decided, before putting up his station, to generate directly 
at 10,000 volts. In September, 1902, a 3,000-kilowatt generator was 
started at the Willesden station of the Metropolitan Company; the 
plant was put down under the advice of Mr. Todd, who was then engi- 
neer of the Company, and it generated directly also at 10,000—as a 
matter of fact 11,000—volts. In 1890, the Ferranti plant at Deptford 
also generated direct single-phase current at 10,000 volts. But what I 
want to point out is the great difference there is between the 
Metropolitan and Deptford plants and the Bow plant. The Metro- 
politan plant and the Deptford plant are working under far more 
dificult conditions than the Bow plant. At Deptford the current 
is 10,000 or 11,000 volts single-phase, and at the Metropolitan Com- 
panys works two-phase on a four-wire system, the latter plant 
supplying through two concentric cables with the outer conductor 
of the cables earthed at the station. At Bow the plant is three-phase ; 
Î believe the generators are star wound, and the centre point of the 
star is earthed, so that the pressure to earth at Bow on the 10,000-volt 
three-phase is only 6,400 volts, and the pressure between phases is 
10,000. On the two-phase system the pressure to earth is a full 11,000, 
and the pressure between phases is 15,000 volts, so that the difficulties 
in handling two-phase current, four-wire, with one pole on each phase, 
are practically twice what they are in handling three-phase current. 
' This example indirectly makes clear the great advantage of three-phase 
over two-phase or single-phase current for transmitting power over 
long distances. With the same pressure of transmission the insulation 
difficulties to earth—and those are the worst difficulties—are practically 
. halved. I have a little more to say about the question of pressure 

later on. 
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With regard to the switchboard and switch device I have very 
little to say, except with regard to cable charging. Cable-charging 
gear is used at some stations, but is not used at others. I am bound 
to say that two years ago I was convinced that some sort of cable- 
charging system was a necessity. It is particularly useful, as Mr. 
Patchell points out, to have a permanent gear by means of which 
the cables can be charged to a greater pressure than the ordinary 
working pressure. In the case of laying-in a new main, or a fault 
at the joint, it is very convenient to be able to charge up the 15,000 
or 20,000 volts. Quite recently, within the last year, we have installed 
a new lot of switchgear with oil switches, and by accident, the first 
time we switched out seven miles of concentric main, 0'25 sq. inch 
copper section at the full working pressure, and switched it in again, 
and we do this habitually, just like you work the ordinary direct- 
current feeder. So that if you can make the whole of the insulation 
strong enough to stand the great strain which that operation involves, 
it seems to me it is a great advantage to do away with the whole of 
the cable-charging gear and simply switch the cable straight in. The 
only precaution we have taken is to keep some small transformers, 
working voltmeters and such like, connected at various points along 
the length of the cable. 

Now I come to a point that I am rather interested in, and as it is 
a matter of some importance from the point of view of the makers of the 
generators with which we had trouble, if you will allow me, I should like 
to go alittle fully into the question. I refer, of course, to the paragraph 
relating to some published matter of mine on the deterioration of 
alternator coils. Mr. Patchell says his idea is that the acid is probably 
present due to impurities in the insulating materials, rather than to 
the destruction of pure material by ozone. In my little article in 
The Electrician (vol. 54, p. 573), I particularly state that the insulating 
materials were of the best possible quality, and the workmanship, 
as far as one could see, was also of the best ; so that all I can imagine 
is that he has not gone very fully into my arguinent. I would like, 
if you will allow me, just to explain the point about this nitric acid. 
We have two machines of 3,000 kilowatts capacity generating, as 
I explained, direct at 11,000 volts. One of these machines ran for 
something like a year without trouble. At the end of that time it 
broke down, so we took out the coils that had failed ; in taking them 
to pieces we discovered that the whole of the cotton braiding on the 
copper had failed, and that its place was taken by a green material. 
I have here one of the actual tubes. It is simply a micanite tube 
through which the braided conductors are threaded, the copper being 
of rectangular section; and on running the hand down the copper 
we found little projections, a sort of roughness on the edge of the 
copper bar. The whole thing was analysed very carefully for the 
Metropolitan Company, and the presence of nitrate of copper and 
sulphate of copper was discovered. A number of independent 
analyses were made for us by Professor Wilson, of King’s College ; 
and, on behalf of the makers of the machines, Professor Gintl made 
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asimilar set of analyses. The result of all these analyses was to show M 


the presence of a large amount of sulphuric acid, a certain amount 
of nitric acid and nitrate of copper, and a lot of odds and ends which 
did not concern the question. In the pure insulation, in a coil that 
had not been used at all, we found no nitric acid and no nitrates 
of any sort, but we found gypsum, which is a very ordinary thing 
to find in insulating materials such as cotton. The smell of ozone 
when the machine was running and the roughness of the conductors 
showed that discharge had taken place, and it was at once surmised 
that the nitric acid was formed electrically in the way discovered by 
Cavendish some hundred years ago, by the ozonisation of air in the 
presence of slight moisture. The presence of the sulphuric acid was 
evidently due to the nitric acid combining with the gypsum and 
liberating sulphuric acid, and the explanation of the damage to the 
coils was at once clear. The rate of action is determined very much 
bythe presence of moisture. If you have a perfectly dry coil you get 
very little damage. Оп the other hand, with a damp coil a great deal 
of damage happens ; so that although a machine may be built to work 
perfectly well in a dry climate, these hand-wound coils in a tube will 
not work for any length of time in a damp climate. We stripped 
one winding entirely ; we took the whole winding down and examined 
every coil, and it was exceedingly interesting to find that this action 
sarted to a very slight degree at the point of the winding that re- 
presented 2,000 volts. It increased very rapidly with the pressure, 
and above 8,000 volts the insulation of the coils was destroyed. But 
there was some variation. You could not say that they went gradually 
worse. Some coils were much worse than others, although run at lower 
voltage, and no doubt that is due to the presence of extra moisture. 
In order to reproduce the whole conditions I took these tubes, and 
putin the tubes this copper gauze. I used gauze because it offers 
alot of sharp points, so that the action takes place much more quickly. 
I wrapped round the gauze some ordinary French filter paper, con- 
nected the gauze to the 10,000-volt transformers and earthed the tinfoil 
in the middle of the tube. In three days the action had advanced 
sufficiently to rot the paper, which was eaten away in places where 
the discharge had been greatest, and the copper gauze was green with 
nitrate of copper. It: seems to me that this experiment, with the tests 
on the actual machines, proves to demonstration that the formation 
of nitric acid accounts for the whole of the trouble we have had. I 
do not see that there is any chance of absolutely preventing this 
formation by making the mica tubes of any workable thickness, and 
the only way appears to me to be to exclude the air entirely. If that 
is done I have no doubt that the machines can be made to run, but 
I must say that I consider 11,000 volts above earth, not three-phase 
working, or about 18,000 volts three-phase, is getting towards the 
maximum pressure at which you can generate directly in this climate. 

Mr. W. Н. BOOTH: The interest of this paper, so far as the discussion 
is concerned, lies rather in what has been omitted than in what has 
been put in.. There is very little information as regards output or 
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temperatures, so far as the steam end of the plant is concerned, and 
one can only take the general principles. In the first place, so far as 
one can judge from the drawings in the paper, the boiler furnaces are 
not particularly well designed for burning ordinary coal. Welsh coal 
is burnt, but it is not always possible to get Welsh coal. It seems to 
me that there would be a considerable amount of smoke made in all 
those furnaces, especially those under the horizontal boilers, if ordinary 
coal had at any time to be used. I should like to hear from Mr. 
Patchell what he has done with regard to making thoroughly airtight 
the doors of the secondary furnace. Ithink the secondary furnace is 
a very good idea so long as the ashpit doors and furnace doors can be 
made thoroughly tight—not merely planed and faced, because they 
would soon warp with heat. There ought to be a joint of an elastic 
nature, like a ring of asbestos, if the doors are to be made thoroughly 
tight. Then Mr. Patchell speaks of the back sections of the boilers 
acting as economisers. І can scarcely think that that can be the case, 
because, so far as can be made out from the limited details given, the 
back sections of these boilers will be as hot as the front sections, that 
is to say 370? F., so that the waste gases must pass away at a tempera- 
ture of something like 600? F. Can Mr. Patchell give us any close idea 
of the temperature at which these waste gases go away, because if they 
go away at боо° F. the lack of economisers seems to be a very serious 
fault, and if the back sections are really so cool as we are asked to 
believe, then the boiler proper is being fed with water much below the 
temperature of evaporation. That leads one up to the consideration of 
the question of stage heating in the production of steam. The only 
feed heating appears to be by means of a coil or surface condenser 
placed in the path of the exhaust steam. If the vacuum is at all 
reasonably good the temperature of the condenser must be pretty low, 
and the exhaust steam from the cylinder must be very nearly as cold 
as the condenser temperature, so that, comparatively, a small amount 
of heat will be given to the water on its way to the boiler. Then with 
regard to the position of the steam dryer or superheater. I believe 
Mr. Patchell is no great believer in superheat, but he is a strong 
believer in dry steam. The position of the superheater should give 
him exceedingly good results so far as dry steam is concerned, but it 
is too far from the furnace to give superheat, and, if it were any nearer 
to the furnace, presumably such an uncontrolled apparatus would be 
exposed to the very serious risk of burning. If we look upon this 
station as a modern example, as one of the latest electric lighting 
stations for lighting a big city, it seems to me it is devoid of the 
modern principle of stage heating which should be obligatory in every 
modern station. Mr. Patchell gives us a list of the plant. . He gives us 
no temperatures, and the only thing we can take hold of definitely is 
the amount of coal used per unit of output—about 41b. То give some 
idea of what can be done in the way of stage heating, I have had some 
figures prepared from a recently tested plant. The water is taken at 
the ordinary natural temperature, and is heated up by means of exhaust 
steam to roo? F., a suitable temperature for entry into the economiser. 
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It enters the economiser at that temperature and leaves at 230° Е. It 
then enters the control pipes of the superheater at 225° F., having lost 
5 Е. in passing from the economiser to the superheater. It leaves the 
superheater for the boiler at 350° F.—that is to say, the boiler working 
at about 120 lbs. gauge pressure is at the same temperature as the feed 
water which enters it, and the boiler is made strictly to act as an 
evaporator and not as a feed heater in any sense. The temperature of 
the steam which enters the superheater is also 350° F., and the steam 
leaves the superheater at 495? F. It loses 30° F. in passing to the high- 
pressure cylinder of the engine. The engine is only a very ordinary 
sort of engine; it is nothing new; it is not a Sulzer engine, which we 
know will stand very high superheat ; it is only an ordinary factory 
engine. The steam leaves the high-pressure cylinder at 258° F. Between 
the high-pressure cylinder and the low-pressure cylinder there is a 
re-heater, which is fed by means of superheated steam. The super- 
heated steam passes through the re-heater, superheats the exhaust 
steam to 275° F., and the whole of the steam that passes through that 
re-heater goes into the boiler by way of the return water-control pipe 
of the superheater. Thus the only heat that the water loses, apart 
from radiation loss, is just the amount of heat it puts into the steam 
entering the low-pressure cylinder. Asa result of that system we find 
that the I.H.P., which was formerly 367, has been reduced, doing the 
same duty and output, to 348—(I presume that is due to the decreased 
resistance within the cylinder of the engine)—and on the average of the 
same nine months of work in 1904 and 1905 there is a reduction in the 
coal of 200 tons on a total of 730. Originally, before the addition of 
the stage heating of the superheater, 1°82 lb. of coal per I.H.P. hour 
were used ; after the addition, г'4о lb. If these figures are worked out 
it will be found that this system of steam raising, though only connected 
with a very small factory plant, gives very much better results than are 
obtained by large plants with the ordinary system of steam raising, 
that is to say by jumps instead of a steady range of temperatures. 

The following are the full particulars of the steam plant at Low 
Bridge Mills, Keighley, which is the one referred to above. They 
cover the nine months, February to October, inclusive, of 1904, without 
superheater ; and the nine months, February to October, 1905, with а 
Cruse controllable superheater :— | 


Delails of Plant. 


1 Lancashire boiler, 28 ft. by 8 ft. by 150 lb. working pressure. 
1 Cruse controllable superheater, 16 pipes, 200 sq. ft. steam heating 
surface ; 80 sq. ft. water heating surface (copper control piping). 


(Added in January, 1905.) 

I Green's economiser, 96 pipes. 

I inverted vertical compound condensing engine ; Corliss gear to 
both cylinders ; Horsfall compound regulator governor: Н.Р. 
cylinder, 15 in. ; L.P. cylinder, 26 in. ; stroke, 3 ft. ; revolutions, 
IOO. 
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Re-heater, between H.P. and L.P., heated with superheated steam 
taken by a branch from the main pipe. The steam is blown through, 
and the exhaust is returned through the return water collector of the 
superheater. 

During 1904, with * “wet” steam, it was necessary to maintain the 
working pressure at the boiler at 150 lb. During 1905, with super- 
heated steam, the pressure was dropped to an average of 1201b. During 
both years the coal used was Yorkshire small slack, identical in quality 
and origin, the calorific value being about 12,900 B.Th.U. per Ib. 
weight. Name: Rothwell Haigh-Smudge. Price: 4s. 8d. per ton at 
the pit, and about 6s. od. per ton delivered in boiler-house. 

The proprietor reports : “ No additional cost in oil, having used the 
same quantity and quality during each of the two periods." 

No cost of repairs to superheater, boiler, or engine. 


Observalions during 1905. 

Average gauge pressure, 120 lb. (against 150 Ib. іп 1904). 

Water : Average temperature feed entering economisers, 100? F. ; 
average temperature feed leaving economisers, 230? F. ; average 
temperature water entering controller pipes of superheater, 
ul average temperature feed leaving superheater for boiler, 
350° F 

Steam : Average temperature steam entering superheater, 350?F. ; 
average temperature steam leaving superheater, 495? F. ; average 
temperature steam entering H.P. cylinder, 465? F. ; average tem- 
perature steam leaving H.P. cylinder, 258? F. ; average tempera- 
ture steam entering L.P. cylinders, 275? F. 

Average vacuum : 27 in. 


Indicated Horse-Power. 
Average for 1904, 367 I.H.P. iine months); average for 1905, 
348 I.H.P. (nine months). 
Hours run : During nine months, 1904, 2,060 hours ; during nine 
months, 1905, 1,900 hours. 


Altogether е I.H.P. for 1905 shows a lower average than that for 
1904; the loads and outputs Corie the hours run were practically the 
same. 

Total coal used for all purposes for steaming and heating, for 
banking at nights and week ends and for power : During nine months 
1004, 7304 tons ; during nine months 1905, 5323 tons. 

Coal used for steaming, heating, and banking: ке per week 
for hoth years, 3 tons, 

The steaming and heating are effected with “wet” steam through a 
separate pipe from the boiler, and not through the superheater. 


Net coal used for power * 
Per hour. 


`. 1994 (nine months). ... 7304 — 117 = 6134 tons =o "2078 ton. 
С. IOS yy > 90020. 532b — 117 = 4154 tons = 072187. ,, 
2-2... Saving per hour = 00701 ton = 26°55 per cent, 
on power account. 
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Coal used per I.H.P. hour, for power only : 
1904 ... 613} tons = 1,374,240 lb. + (367 X 2,060) = 1°82 Ib. 
(756,020) 
1005 ... 415% ,, == 930,720 ,, = (348 X 1,900) = 140 ,, 
(661,200) 


Coal cost per I.H.P. hour at бз. gd. per ton delivered in boiler-house : 
1904, 0.065 penny per I.H.P. hour ; 1905, 0050 penny per І.Н.Р. hour. 
Coal cost per I.H.P. hour (reckoned at pit mouth), 4s. 8d. per ton: 


1904, 0'045 penny ; 1905, 0'035 penny. 


All through the nine months of 1905 the boiler has been fed from 
the engine pump, through the economiser, and through the controller 
pipes of the superheater into the boiler at back. In the collector of 
the controller system of the superheater the feed water from the 
economiser is amalgamated with circulating water from the boiler; the 
mixture passes into the boiler at the boiler temperature and partially 
already as steam. 

During the year 1905 it has been found advisable to reduce the 
length of furnace grate from 5 ft. 6 in. to 4 ft. The boiler is hand- 
fired. 

The weights of coal given cover all the coal delivered to the mill 
during the periods mentioned and used for all purposes—for power, for 
heating and steaming the mill, for banking up at nights and week ends. 

Assuming that the engine was driving an electric generator with an 
overall efficiency as between І.Н.Р. and switchboard of 87 рег cent., 
the coal consumption рег К.м. would be 271157 lb. per hour. This 
figure, of course, excludes the mill warming and banking. Before 
alteration the figure would be 2:804 Ib. 

If the figures be worked on the whole of the coal used, they 
become— 

For 1904 = 3'338 Ib. per unit equivalent. 
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Economy on total account 1772 per cent., due to the adoption of 
stage heating, fully heated feed water and superheat. 

In addition to the above economies there is the economy due to the 
reduction of I.H.P. per unit of factory output. Nothing is included for 
this, but it amounts to a further 6 per cent. on power account. 

If such results can be obtained from a small station, what might one 
not be able to do with a large station, since better economy is usually 
possible with larger plants? It will be noted that my figures are for 
a nine months’ test, not for a test of a few hours as supposed by 
Mr. Patchell. 

Mr. J. H. RIDER: I am inclined to agree with Mr. Booth that the 
information, valuable though it is, contained in the paper is nothing to 
what Mr. Patchell will give us in his reply, as there are a number of 
things which I would like him to tell me about. On the first page of 
the paper he tells us where and why he found the site for his power- 
house. I cannot understand why, having selected 10,000 volts as the 
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generating pressure, he should not take the full advantage of that high 
pressure, and go to a place where he could get condensing water 
without the use of cooling towers, and coal delivered by ocean steamers. 
He went outside the County boundary, and only as far outside it as he 
could go to get rid of the London Building Act, in which I sympathise 
entirely with him ; but I think he might have gone still farther. Had 
he gone down to the neighbourhood of Beckton, or somewhere down 
there, he would have been within the economical limits of transmission 
at 10,000 volts, and have had a number of advantages which his present 
site does not give him. He would have been able to get his condensing 
water without the use of this peculiar construction which the plan 
shows, and to get his coal up without transhipping either into barges 
from a steamer or by rail. Having selected 10,000 volts and the site 
for the power-house, he goes on to tell us that all his distribution is 
done by direct current, which means that all his energy goes through 
rotary transformers of one kind or another. That being so, I cannot | 
understand why he did not choose 25 cycles per second rather than 5o. 
In my opinion 25 cycles, provided you have to do all your distribution 
through transformers of a rotary kind, is much preferable to 5o. Imay 
mention in passing that it would have given some of our bulk supply 
schemes later on the chance of delivering direct to Mr. Patchell with- 
out the use of any rotary transformers to change the frequency. On 
page 67 Mr. Patchell makes a remark which I think is not quite right. 
He says that he adopted 10,000 volts as the highest pressure which he 
could deliver directly to his motor generators, because he wished to do 
away with the use of static transformers between the supply and the 
motor generator, and the extra switch gear necessitated by them. I 
fail to see what extra switch gear he would have required had he 
adopted static transformers, because, so far as I know, it is not the 
custom to put switch gear between. the static transformers and the 


.motor generator. You merely have the high-tension switch gear on 


the primary side of the static transformer, and the low-tension switch 
gear on the direct current side of the motor-generator. I do not think 
it is a fact that any extra switch gear is required. When we come to 
Mr. Patchell's boiler-house, we come to what is perhaps the most 
interesting part of the paper. I would like him to tell us, if he will, 
why he has gone in for hand-firing, and why he has not adopted any 
form of mechanical stoking. So far as I can see, the arrangement of 
coaling which he has adopted means that the coal is deposited in heaps 
upon the boiler-house floor, which, although very convenient for the 
stoker to get at, does not, I think, conduce either to a clean boiler- 
house or a proper up-to-date plant. I think the system of double 
grates is a very good idea indeed, particularly for those boiler-houses 
which are liable to be called upon for sudden emergency loads. Iam 
very glad it is his experience that the vertical-tube Hornsby boiler will 
work practically without smoke, which is a corroboration of what one 
has been led to believe from Mr. Booth's remarks on former occasions. 
I quite agree with him that a vertical water-tube boiler is, with its 
large combustion chamber, much more likely to give you a smokeless 
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combustion than any horizontal type, where you have your water 
tubes practically right on top of the fire. On page 73 Mr. Patchell tells 
us that the evaporative capacity of a pair of these large boilers has been 
taken as high as 100,000 lbs. per hour. I would like to ask him, with 
reference to that statement and the figures given in Table I., where he 
gives the normal evaporation per hour as 33,000 lbs. for the same 
boiler, whether he is referring in the Table to half of the pair (i.e., one 
boiler), which would make 66,000 Ibs. normal for the pair, or whether we 
are to understand that the boiler which normally evaporates 33,000 lbs. 
will, on emergency, go up as high as 100,000 lbs. I cannot quite 
see that a boiler with an economical evaporation of 33,000 165. can ever 
be taken up to 100,000 lbs. On page 75 Mr. Patchell tells us how he 
gets his feed-water supply, and it seems to me he has gonc in for a 
good deal of extra complication which is not required. Apparently 
he gets his water from two artesian wells, and he has to use pumps for 
getting the air pressure for lifting that water up to a tank in the base- 
ment below the pump-room. Then he has to use additional pumps to 
pump from that tank up into some large tanks in the roof. The water 
then comes down by gravity through what is practically a surface 
condenser in series with his jet condenser into hot well tanks in the 
basement, and then it is pumped into the boilers. I do not know why 
—perhaps Mr. Patchell will tell us in his reply—he did not pump 
directly by his boiler feed pumps from the tank in the basement 
through his water heater into his boilers. It seems to me he is losing 
a good deal both in pumping the water to the roof and then down 
again, and also in letting the water stand in his hot well tanks rather 
than pump it directly into the boilers. Apparently he is depending 
entirely upon these two 13-in. artesian wells for the boiler supply, and 
he tells us that these will give him up to 20,000 gallons each per hour. 
If you work out the amount of water which he requires for the plant 
now in the station, you will see that he will need about 40,000 gallons 
per hour for a 20,000-kilowatt station, and he already has in about 
18,000 kilowatts. I would like to ask Mr. Patchell if he has any standby 
for his water supply, or whether he is dependent entirely upon his two 
wells, because if so he is apparently getting nearly to the limit of the 
output of those wells. It is very interesting to know that he is 
dependent entirely for his water supply upon these two wells. I have 
had to sink a well at our Greenwich power-house, and I find the water 
exceedingly hard ; in fact, I have had to put in water-softening 
apparatus to deal with the water as make-up water. I would like to 
ask Mr. Patchell, as he is dependent entirely upon these wells for his 
whole water feed, if he has to use softening plant for the whole of the 
supply. When we come to the generating plant—and in that I wish 
to include the engines, the generators, and the switch gear—I am very 
sorry that we have to talk about plant made on the Continent. I think 
it would be interesting if Mr. Patchell will tell us whether he went 
abroad for his plant entirely on the question of cost, or whether it was 
on the question of efficiency, or both. Although I am not a believer in 
putting a ring-fence round one's town or country, I think if you can 
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get within your own boundaries plant of a suitable kind—which I 
happen to know you can—it is a pity to go abroad for it. Mr. High- 
field mentioned the cable charging gear, and I rather gathered from 
his remarks that he was inclined to say it could be done away with. I 
am entirely of that opinion. We had a charging device put in for our 
high-tension feeders, but for the last twelve months we have not used 
it. If you only get in the right kind of cables you do not require any 
charging device at all, and in view of simplicity and getting rid of all 
complications you are better without it. I do not at all agree with the 
kind of charging device Mr. Patchell has decided upon, namely, a 
motor generator, because if you have to charge your cable by a motor 
generator it means that you are practically running up the cable 
through all the periodicities from o to 50, and you are very liable to 
get high pressures at certain low periodicities while running up, which 
you would not get if you switched the cable on directly. Not only so, 
but if you charge the cable from the motor-generator you have all the 
trouble of synchronising the cable before you put it on the busbars, 
just as if it were a generator. That takes a great deal of time, and is 
an unnecessary thing. Then we come to Mr. Patchell's trunk mains 
from Bow into the City. I gather from the paper that these are 
mostly laid upon the solid system. Having in view the great cost of 
laying mains in London—a cost which, by the way, some people have 
failed entirely to realise—I think Mr. Patchell would have been wiser 
had he adopted the draw-in system. At any rate I do not gather from 
the paper that, although he put in his mains on the solid system, he 
put in anything like the number of spare ducts which his large station 
would ultimately demand in order that he might pull in cables without 
again opening up the streets. The putting in of a number of extra 
ducts, once the road is open, is a very simple matter: it is the 
opening and the closing of the road which costs the money. In Fig. 14 
Mr. Patchell gives us two very interesting illustrations of the way in 
which he makes his high-tension cable joints. Оп our high-tension 
mains we originally adopted a method somewhat similar to his, with 
separators ; but after some experience we have given them up entirely, 
and we are now making our cable joints by means of linen tape which 
has been well boiled in resin oil, wrapped upon the joint, with mica 
between the layers, and have given up entirely any mechanical separa- 
tion such as he shows here. I would like to hear from Mr. Patchell 
whether he has had any trouble on account of the porcelain insulator 
which he uses. When we come to Mr. Patchell's distribution system 
and have to consider his motor generators, we again are confronted 
with the fact that they are foreign made; but I think they are ex- 
ceedingly good machines. І am very much pleased to find that Mr. 
Patchell has gone in for motor generators which will take the high- 
tension supply directly on the stator, rather than going in for rotaries, 
which means the use of static transformers. I quite agree with him 
on that point, but I do not agree with him in his adoption of syn- 
chronous machines. Apparently Mr. Patchell has deliberately gone to 
synchronous machines after experience with induction machines. I 
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have gone the other way. I have had a good deal of experience 
with synchronous machines, and I have gone altogether round to 
induction machines. I think induction machines, although undoubtedly 
they have their faults, are simpler ; they will not fall out of step with 
any fluctuation or short-circuiting—which Mr. Patchell probably has 
not got, but which tramways have—and they simplify the switch gear 
toan enormous extent. You have no direct-current field to bother 
with, you can switch the high-tension current directly on to the stator 
without paralleling, and your rotor can be a short-circuited mass of 
metal. My opinion is that in the power-house as well as in the distri- 
bution system you should go in for the simplest plant you can get, cut 
the complications entirely out, and make the switch gear of the simplest 
possible kind. Although оп а 6- or 12-hour test the efficiency, as 
measured to-day, inay be low compared to another plant, the com- 
mercial efficiency at the end of the year, from the fact that you have 
no stoppages or breakdowns, will be on the right side. Throughout 
the paper, although we have had a number of interesting descriptions 
of machinery and apparatus, there is not a single figure about cost. I 
do ask Mr. Patchell to give us what we are all longing for, and that is, 
some figures as to the cost of his power-house and the cost of operation. 
He told us that it only takes about 4 lbs. of coal per unit, but he 
does not tell us what his coal costs per ton, so that we are not very 
much farther on. Will Mr. Patchell tell us what the capital cost per 
kilowatt of the whole power-house is? what his coal costs per ton 
delivered in the bunkers ; whether he brings it by rail or whether he 
brings it by steamer ; if he brings it by steamer, what it costs him to 
barge (that will be rather awkward, because it will show the power- 
house ought to have been on the Thames); what his load-factor is at 
the power-house, and what his working costs are? If he tells us that, 
he will have given us an addendum to the paper which will be more 
valuable than the paper itself. 

Mr. A. VENNING: his paper naturally attracts the attention of all 
engineers engaged in the design of central stations. Оп analysing the 
component parts of the plant, I can hardly balance up the two sides. 
1 find, for instance, on comparing the engine capacity with that of the 
boilers that the plant is either over-boilered, or, on the other hand, the 
engines are not very economical as regards steam consumption. 
Excluding the two 300-kilowatt auxiliary sets, 16,000 kilowatts of main 
engine capacity remain, for which boilers equivalent to 528,000 lbs. of 
steam per hour have been installed, both being reckoned on a normal 
basis. This gives 33 lbs. of steam per kilowatt, or, including the 
auxiliaries, 31:8 lbs. per kilowatt. Considering it on a basis of heating 
surface per kilowatt, I find it runs out at about її sq. ft. of surface 
per kilowatt. This is excessive, as I have found when using ordinary 
Corliss engines, in conjunction with water-tube boilers and burning a 
cheap grade of coal, that 10 sq. ft. of heating surface has been sufficient 
to deal with all loads; and in designing large plants I have gone as low 
as 8 sq. ft. per kilowatt and found this has been ample, even when 
working with saturated steam. If these engines with double-beat 
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valves are as economical as represented, then the boiler capacity is 
certainly too great. Coming to the cross-section of the engine-room, I 
find that the height of travelling crane above the floor is 36 ft. 6 in. 
clear to the underside of the travelling hook. It strikes me that the 
traveller might advantageously have been put up another 8 ft. at least, 
which would have allowed то ft. from the top of the runway girders 
to the underside of the roof truss. This would have given more 
clearance between the top of the engine and the bridge girders of the 
crane, so that in taking out the piston and piston-rod the danger of a 
swinging piston coming in contact with the top part of the valve gear 
and possibly damaging it would be eliminated. That is a point which 
is often overlooked, and, I think, should receive careful attention in 
station design: The Hornsby horizontal boiler is what may be termed 
in boiler phraseology a “ three-decker," but I think it would have been 
more efficient and more economical if arranged in two decks with the 
same aggregate number of tubes. If the baffles had been placed in a dif- 
ferent manner from that shown on the section, the evaporative capacity 
would have been increased and a better degree of superheat obtained, 
for as now arranged I think only 40° or 50° Е. of superheat is 
possible. I should like to ask what degree of superheat Mr. Patchell 
gets with that arrangement. Coming to the vertical type of Hornsby 
boiler this seems to be a combination of the Stirling, Cahall, and 
another type, each having upright tubes. One point which does not 
commend itself to me is the number of tubes of varying lengths, thereby 
necessitating a larger number of spares than is usual with other boilers, 
and the arrangement of these tubes entails the provision of consider- 
able height in the boiler-room to facilitate the removal and renewal of 
the same without interfering with the coal bunkers, tanks, etc., that may 
be placed overhead. Reference has been made to the question of 
steam generated per sq. ft. of ground space, and it is interesting to 
note how engineers are now concentrating their energies in this direc- 
tion, so as to obtain a large boiler output in a minimum space. А 
comparison between the Hornsby upright boiler as described and the 
Stirling boiler about to be installed at the Carville station of the 
Newcastle Electric Supply Company may be of interest, as both 
happen to have a normal evaporation of 33,000 Ibs. per hour. 


Hornsby. Stirling. 
Normal evaporation per hour, Ibs. ... 33,000 33,000 
Heating surface, sq. ft. — ... ist ... 10,850 6,380 
Grate surface, sq. ft. А is iss 168 IIO 
Ratio H.S. о G.S. ... € bs ... 045:1 58:1 
Ground space occupied in sq. ft. ... 45% 506 286 
Normal evaporation per sq. ft. of H.S. 
per hour in 165. ... — 3°04 5°17 
Normal evaporation per hour бег sq. ft. 
of ground space in lbs. ... m i 65 II5 
Draft in in. of water ish йч „о — 0'6 


Efficiency of boiler ... Че T i — 75 96 
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Another boiler with upright tubes, now being placed on the market, Mr. 
which attracted a great deal of attention from engineers at the recent Venning 
Electrical Exhibition at Olympia, is the “ Davies Water-Tube Boiler,” 
which, with a heating surface of 1,028 sq. ft., has evaporated 6} to 
7¢ lbs. of water per sq. ft., or about 85 to тоо lbs. per sq. ft. of ground 
space. Its efficiency is about 80 per cent., and, generally speaking, 
I think it worthy of the consideration of steam users, as it certainly has 
а future. Regarding the pumping arrangement, I should like to know 
the number of Ibs. of steam used per pump horse-power with the 
compound pumps described in the paper, because I recently saw a 
large boiler-feed pump with triple expansion cylinders which worked 
with 35 165. of steam per pump H.P., whilst a compound pump used 
47 165.; and І have heard of a Manchester make of pump using only 
42 Ibs. per pump H.P., so I should be glad to have the author's figures 
for comparison. The feed-water temperatures on the various stages 
of working would also be interesting. I quite agree with his ar- 
rangement of a primary heater, but I think a closed heater placed 
between the feed pumps and boilers working in conjunction with 
exhaust steam from the pumps would have been preferable to heating 
the water in the tank, as a higher temperature would have been 
obtained. With regard to the suggested provision for economisers, I 
can scarcely see how they are to be arranged in the station, for looking 
at the general arrangement on the plan there hardly seems room for 
them between the chimney and breeching connection to boiler. 
Perhaps Mr. Patchell will kindly explain that to us. With regard to 
the condensers and cooling towers I should also like to ask what 
percentage of power is taken to work this plant, seeing that there 
are such a large number of cooling towers, and whether the towers 
are of the natural draught or fan-driven type. With reference to the 
generators there is a statement on p. 8o that the 4,000-kilowatt machine 
is probably the largest machine in the country. I think Mr. Patchell 
has overlooked the fact that eight 5,500-kilowatt machines have been 
installed at Lots Road, Chelsea, in connection with the American 
electrification of the underground railways. 

Mr. Н. C. ANSTEY : I should like to say a few words with regard to Mr. Anstey. 
the criticisms that have been made on the boilers installed by my firm 
at Bow. First, with regard to the evaporation, Mr. Rider referred to 
the evaporation as being 33,000 lbs. normal. Of course it is 66,000, but, 
as Mr. Patchell said, they have done 100,000. The question of evaporation 
and heating surface is one that has not received as much attention as it 
deserves. | dare say a good many people will remember the now 
almost classical experiments which were made by Mr. Niclausse on his 
boiler, in which he measured the amount of steam which was evapo- 
rated by each section of the tubes. He found that the first two rows of 
tubes accounted for about 37 per cent. of the total evaporation of the 
boiler. Although the upright boiler differs essentially from the 
Niclausse, we have been able to take some measurements, from which 
we found that the conclusions which Mr. Niclausse arrived at applied 
practically inthis case. It would take too long to enter into the measure- 
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ments that were made to arrive at that conclusion, but taking as a low 
figure that 25 per cent. of the evaporation is done in the first two rows 
next to the fire, the upright boiler has over 15 per cent. of its heating 
surface directly exposed to the fire—that is to say in the row of tubes 
next to the fire and in the row immediately behind it—so that when the 
boiler is evaporating 100,000 lbs., those rows of tubes account for 
25,000 lbs., and the rate of evaporation per sq. ft. of heating surface for 
those tubes is 8:3. You will observe that the mean evaporation over 
the whole of the heating surface, when the boiler is evaporating at that 
rate, is about 44 lbs. Turning to the horizontal boiler, that boiler has 
only 8 per cent. of its heating surface in the first two rows. Assuming 
that the horizontal boiler is able to steam at the same rate per sq. ft. 
of grate surface as the upright boiler, it would evaporate 37,500 Ibs. 
I do not know that it has evaporated that ; Mr. Patchell probably may 
be able to tell us, but if it has it would be quite a top-rating. In that 
case it would be 44 lbs. per sq. ft. of heating surface; but the 
evaporation per sq. ft. of heating surface of the tubes over the fire 
would be no less than 147, or 77 per cent. greater than in the corre- 
sponding tubes in the upright. The rate at which the heating surface 
over the fire is worked has, I think, a most important bearing upon the 
durability of the tubes. We know that in some boilers, especially those 
of the marine type, where they are forced, the tubes are apt to hog or 
sag and to draw out of the tube-plates, and it is quite possible to con- - 
struct a boiler in which, while the mean evaporation over the whole 
heating surface will be low, at the same time the heating surface 
exposed to the fire will be worked at a dangerous rate. I may say, as 
emphasising the point, that after 15 months’ working the fire rows of 
tubes in the boilers at Bow are as straight as the day they were first put in, 
although the boiler has been worked frequently at this rate of 100,000 Ibs. 
Turning to another point which has been referred to by several 
speakers—the smoke question—I will leave Mr. Patchell to reply with 
regard to what has been said about mechanical stokers. All I need say 


‘is that if Mr. Patchell had thought it was advisable to fit the boilers 


with mechanical stokers it would have been quite easy to do so. The 
upright boiler, as you saw on the screen last week, has a very large 
combustion space—it is no less than 6,000 cub. ft. Those who have 
had experience in burning liquid fuel will know that the rate of com- 
bustion per cub. ft. of space is the one that practically determines 
whether you will make smoke or not. Тһе same thing applies, though 
probably in a much less degree, when you are burning coal. When 
the upright boiler is burning at the rate of 30 lbs. per sq. ft. of 
grate, it is only burning at the rate of 1°6 lbs. per cub. ft. of 
combustion space. Taking the horizontal boilers, although they were 
specially made with high furnaces so that as far as possible smoke- 
less combustion would be insured, they have only 570 cub. ft. 
of combustion space, and when burning at the rate of зо lbs. 
per sq. ft. of grate, the amount burnt per cub. ft. of combustion 
space is 6'5, or over four times the amount in the upright boiler. 
The reason is not far to seek, I think. It is well known that when 
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you heat a hydrocarbon it has a tendency to split up and deposit 
some of its carbon in a finely divided state. This point is certain, 
that unless you catch that carbon and burn it up before it touches the 
comparatively cold surface of the tubes, it is certain to pass away 
unconsumed. The larger the combustion space the greater the 
opportunity the liberated carbon has of mixing with the air of com- 
bustion and being completely burnt. Several speakers have touched 
upon the question of floor space. The last speaker, in making a com- 
parison with the Stirling boiler, took the normal evaporation of the 
upright boiler, but did not take the maximum evaporation. The figure 
of 100,000 165. which Mr. Patchell has given us is done easily, 
and therefore might almost be considered as a normal evapora- 
tion; and referring again to the figures of the evaporation, over 
the first rows of tubes it will be seen that in the upright boiler this 
is so moderate as to show that if the draught was there, or if by any 
means the grate area could be increased, it would be quite safe to 
run those boilers up to 120,000 or 130,000 lbs. As regards floor space, 
the double stoking space between the horizontal-tube boilers is 12 ft. ; 
in between the vertical-tube boilers it is a matter of r9 ft. But the 
horizontal boilers also require a stoking space at the front, and I 
take it that few people would consider less than ro ft. satisfactory. 
So that taking those figures, the amount of evaporation per sq. ft. 
of floor space, including stoking space, is, in the upright boiler, 
86 Ibs. per sq. ft., and in the horizontal boiler 54 lbs. There 
is one other point which I would like to mention, and that is the 
question of cleanliness. The question of cleanliness has two or three 
aspects. One is the loss of efficiency as your tubes get dirty, either 
internally or externally, or both. The horizontal tubes after a short 
time of working get covered at the top with a coating of dust, and the 
upper part of the surface is practically useless. In the vertical tubes 
the dirt falls away from them, collects at the bottom of your furnace, 
and the tubes remain practically clean. The arrangement of the 
circulation is such that the back tubes act as economisers. Mr. Booth 
mentioned in connection with that point that he could not see how 
they could be; but as a matter of fact the temperature in the back 
section is less than that due to the temperature of the steam. The 
water is taken in and made to move in a definite path, and after 
completely traversing the economiser or feed sections, joins up in 
the general circulation of the boiler. -The result of that arrangement 
is that the mud is all collected in the bottom of the back headers, and 
those boilers have been worked for very long periods without stopping 
toclean. In the boilers at our own works we run regularly for three 
months without opening up. Then there is another point to be con- 
sidered in regard to cleanliness, namely, that if a boiler has to be laid 
off frequently you have, almost invariably, a large expenditure of 
jointing rings. In the upright boiler we have one joint only to break 
to examine and clean nineteen tubes, whereas in the horizontal-tube 
boilers we have two joints to break for each tube. If you have to lay 
off your boiler frequently -for cleaning, you expend a considerable 


Mr. Anstey. 


Mr. Anstey. 


Professor 
Epstein. 


Mr. 
Mordey. 


126 PATCHELL: THE CHARING CROSS COMPANY'S [Dec. 14th, 


amount of coal for laying fires and raising steam, and the longer you 
run your boiler the less is the proportion of the coal so used to that 
usefully employed in steaming. 

Professor J. EPSTEIN: As Mr. Highfield referred to the dynamo 
makers, I should like to make a few remarks.’ The phenomenon which 
he mentioned was observed in our laboratory about three years ago, in 
some special tests we made on the dielectric strength of mica tubes. 
We observed this bad green colour, and as at the same time we were 
experimenting with regard to ozone, we recognised the bad odour which 
we found upon opening the tubes. We took up the question and treated 
it on broad lines, that is to say, we took for a continuous test a combina- 
tion of tubes of different manufacture, and filled with copper insulated 
with different material. Of course it was clear that the action was not 
a chemical one of an ordinary nature, but that the chemical action was 
due to the dielectric stress ; so last, but not least, we had to combine 
the different mica tubes filled up with different materials with different 
dielectric stresses. We hoped to overcome the phenomena in two 


_ different ways—either by filling up the tube with some material which 


might absorb the bad gases, or by giving to the coil in the tube a sort 
of metal sheath of the same potential, which would take the blue dis- 
charges and absorb the bad gases. But when we inspected our tubes 
at intervals of 1,000 hours, we discovered that the dielectric stresses 
that we used to have in our machines, applied to the material we used, 
were a long way from the danger zone. That coincided with some 
experience we had gained with some 10,000-volt machines which had 
been running since 1898. I quite agree with Mr. Highfield with regard 
to the points he mentioned about 3-phase against 2-phase, and I also 
agree that the Charing Cross Company was quite right at the time, as 
compared with the Metropolitan Company, when they chose 3-phase 
and not 2-phase current. We have discussed the question of the 
phenomena inside the mica tube, but there are other difficulties outside 
the same, due to the connecting strips between the different coils and 
between the different tubes. Here the best method is to have a good 
space, and you will have much more space if you wind your motors 
for 50 cycles instead of 25. So I should like to say, from the dynamo 
maker's standpoint, that in this respect also Mr. Patchell has worked on 
the right line in taking 50 cycles instead of 25. 

Mr. W. M. MoRbEY: There is a good deal I should like to say оп 
the paper, but I will confine myself to one or two points. I agree 
with the author and with Professor Epstein as to the choice of 50 (N, 
because in the first place it makes electric lighting possible by alternate 
current without the use of rotating converting machinery—but perhaps 
Mr. Patchell does not want to do that. Secondly, it enables one to use 
a motor-generator instead of a rotary converter, and that gives for any 
given variation of primary pressure the least variation of the secondary 
pressure; and there are other good reasons. 

I am glad we have an opportunity of hearing something about 
Mr. Highfield's experiments and suggestions as to the cause of the 
deterioration of insulating materials under alternate high pressures. 
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We need not be surprised that nitrogen oxides should be formed, 
and nitric acid if moisture is present. We shall hear a good deal 
about that in the next few years in connection with the making of 
nitrogen compounds electrically by utilising the nitrogen in the air. 
But there is another possible action with alternate high pressures that 
I would like to mention. This example of Mr. Highfield’s scems on 
examination to support the view I have held for some time,* that the 
action may be mechanical and not chemical or electrical at all, or at 
least may be partly mechanical. The perishing of the paper is very 
curious. It is quite rotten ; the pattern of the gauze is reproduced on it, 
a number of little holes being made so that it has become a paper gauze. 
Some time ago, in trying to account mechanically for the heating that 
occurs in high-tension alternate-current cables, I came to the conclusion 
that there was a possible explanation which I would like to mention. 
It is this: The pressure on the insulating material between two high- 
tension conductors due to electrostatic attraction may be very con- 
siderable. At 10,000 volts and o2 in. of insulation it is about half 
a pound per sq. ft. The attraction is proportional to the pressure 
squared and inversely as thickness squared. А blow or pressure of 
about half a pound per sq. ft. applied one hundred times a second for 
many hours to insulating material would be quite sufficient to account 
for the paper in Mr. Highfield's experiments being made friable and 
having the pattern of the gauze reproduced on it. We all know that 
we can tell whether an insulated high-tension cable is alive or not by 
simply taking hold of it; we feel a mechanical vibration which, I 
imagine, is a result of this static attraction. I suggest that these 
oft-repeated, quite appreciable blows occurring on the comparatively 
resilient insulating material accounts, to some extent at least, for the 
deterioration of that material, as well as for the heat developed by the 
resulting friction. 

I will not occupy any more of your time now. This is the sort of 
paper that makes us realise how very much electrical engineering is 
becoming ordinary or general engineering, and how the engineering 
problems in our work are becoming at least as important as the 
electrical problems. But I do want to say, as I have said more than 
once before, that we should not lose sight of the very poor results 
obtained even with the best plant. For example, Mr. Patchell's result 
of 4 lbs. of coal per unit means an inefficiency of about 94 per cent.— 
a good result, perhaps, by comparison with others, but, as an example of 
getting energy out of coal, woefully disappointing, for it means that about 
94 per cent. of the energy of the coal is lost in the generating station. 
This point of view may not at present be a very practical-one, but it is 
one that should not be lost sight of—otherwise we shall not advance. 
We, as electrical engineers, may at least take credit to ourselves on 
the fact that of these enormous losses only a small part occurs in the 
electrical part of the plant. 

Mr. Н. M. Sayers: An experience I have had several times goes to 
confirm Mr. Highfield's view that the trouble due to the silent discharge 

* Minutes of Proc. of Inst. of Civil Engineers, clix. pp. 225-228, 1904. 
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is a chemical one rather than a mechanical one, although no doubt both 
effects exist. I have had troublesome faults on the inner “tails” of 
concentric cables working at 2,000 volts, with the outer earthed. The 
cables were insulated with vulcanised rubber, and in every case the 
rubber was within a small fraction of an inch of earthed metal. The 
rubber was undoubtedly rotten where it failed, which supports the view 
that the failure was due to an oxide of nitrogen or to ozone, and the 
effect could be entirely prevented by covering the rubber with a close 
sheath of lead or other conducting material, or else keeping it at such 
a distance from all earthed metal that no silent discharge could take 
place across the gap. On boilers I will only say that mechanical 
stokers of a correct type would enable Mr. Patchell to burn bitumi- 
nous coal as well and smokelessly as he burns small Welsh by hand, 
without interfering with his large steam production. In a particular 
case where I made some tests on actual working about three years ago, 
an underfeed stoker, using “ washed beans” of a fair bitumfnous coal, 
gave an evaporation at and from 212? Е. of 10°46 lbs. of water per lb. of 
dry coal. That was considerably better than was got on the same 
boilers with hand-firing. I should say that this evaporation includes 
the equivalent of superheating about 120°; and it also includes the 
equivalent of heating the feed by an economiser to 171° F. That boiler 
was able, with }in. water pressure of draught, to burn 31 lbs. of the 
same coal per sq.ft. of grate surface, so that there is no difficulty in 
getting the steaming capacity ; similar small bituminous coal could 
be delivered in London at a considerably lower price than small Welsh. 
Mr. Patchell has discarded the use of surface condensers because of the 
difficulties he has found in other cases from dirty tubes. I understand 
he means scaling of the tubes. I have met with the same difficulty ; 
the cause of it is pretty obvious. It very rarely occurs with a natural 
condensing water, although I have known one very bad case where 
canal water was used. There the condenser tubes were removed 
every three months and treated to a bath of dilute hydrochloric acid, 
which is the simplest way of cleaning tubes in that condition, and 
does not damage brass or copper. When this trouble has occurred 
elsewhere it has been where cooling towers are used. Passing the 
circulating water through a condenser and cooling.tower over and over 
again, the evaporation leads to a concentration of salts in the water, 
which by and by may become a saturated solution. If it approaches 
saturation with carbonate of lime, the condenser tubes will scale. The 
remedy is to soften the make-up water according to the amount of its 
hardness. It is not necessary to soften the circulating water below 


IO or 12 degrees of hardness ; if’ it does not exceed that, scaling. will 


not take place in condensers. There is another  tributary -cause. 
Concrete reservoirs are very often used under the cooling towers. 
The water, dropping through the cooling towers and. coming in:contact 
with large quantities of air, absorbs carbonic acid, and when in the 
tank it dissolves the carbonate of lime from the concrete, and so 


hardens itself that it may be much harder after a few passages than it 


would have been from the simple concentrating, effect... In London, or 
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in other towns where there is a great deal of coal smoke, the water 
picks up other substances besides carbonic acid. In London rain 
water contains about two parts per hundred thousand of sulphuric 
acid, in Manchester between four and five parts, and in Glasgow eight 
parts ; so that not only temporary hardness from the carbonic acid, but 
permanent hardness from the sulphuric acid, may be derived from 
cooling towers with concrete reservoirs. The remedy is perfectly well 
known. Milk of lime cures the carbonic acid hardness, and a little 
caustic soda will neutralise the sulphuric acid. Taking these pre- 
cautions, the condenser tubes will not scale, and one gets the advantage 
. of surface condensing with only sufficient fresh water to make up for 
the evaporation. Resonance troubles are mentioned in the paper. I 
once had a very sad experience of them. I was in charge of over one 
hundred miles of alternating high-tension mains. They were not in 
good condition, and the cables used to fail in a dozen places at a time. 
It puzzled me, until I noticed that it always took place during the hours 
of light load. We were obliged during the hours of light load to run 
two sets, because the magnetising current was a little too much for one. 
The power-factor was low, and, to economise as far as possible, the 
sets were run at low speed. The normal frequency of the system was 
83, апа we used to run down to about 65. І made a rough calculation, 
giving probable values to the capacity and self-induction, and found 
that there was a great probability-of getting resonance somewhere 
about бо to 65. I therefore took care that during the hours of light 
load the periodicity should be at least 70 to 75, and those wholesale 
cable troubles ceased from that day onward. Mr. Patchell's little 
trouble with his spark-gap resistance is no doubt due to the water dis- 
solving small quantities of sodium salts from the glaze of the earthenware. 
I believe he could get a hard glass which would not vield any such 
salts, but probably the better way is to use a weak solution of some 
salt, such as chloride of sodium, which will not change much. I should 
like to ask Mr. Patchell if he has tricd a long lamp filament sealed in a 
tube. It should be easy to obtain a filament of several thousand ohms 
resistance and of such diameter that the discharge current would be 
insufficient to damage it. Anunflashed filament would probably be best. 
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Mr. V. A. FYNN : I should like to say a few words with regard to 
the breakdown of the armature insulation of high-tension alternators 
referred to by Mr. Patchell. His view is, that when nitric acid is 
formed within the insulating tubes it is probably due to impurities of 
the insulating material. Mr. Highfield puts down the formation of 
this acid to the silent discharge alone and the ozone gencrated by this 
discharge ; he thinks that an amount of nitric acid is formed in this way 
which is sufficient to destroy entirely the insulation of the armature 
conductors in a very short time indeed. These two views differ very 
widely, and, for the sake of the rapid development of high-tension 
plant, I most sincerely hope that Mr. Patchell’s view will prove to be 
the correct one. It is true that Mr. Highfield has proposed remedies, 
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but these, even if they really answer their purpose, only put greater 
difficulties in the way of the manufacturer. Personally I think that 
impurities in the insulating material are, in the main, responsible for 
the formation of the various acids which have been discovered, and 
which occasionally destroy the insulation of the conductors. When 
I talk of impurities, I do not wish to cast an aspersion on any maker ; 
we are now confronted with a novel and quite unexpected difficulty, 


апа I feel that it would be quite unfair to expect anybody to provide 


against such contingencies. It simply appears to me that some of the 
insulating materials, which have been universally recognised as excel- 
lent for all practical purposes, fail when used in conjunction with the 
extra high voltages now often called for. I believe that the process by 
which the various acids are formed is a very complicated one and can 
hardly be fully predetermined, but I think that during the operation 
of a machine any unattached or incompletely attached acids which 
are present in the insulating material are set free and are absorbed, 
destroying the covering and attacking the conductors. The influences 
which help to release these acids are, first of all, the heat imparted to 
the insulating tubes by the armature laminations and by the armature 
copper, the temperature of which, of course, is raised considerably 
during the working of the machine ; also the heat generated in the 
tubes owing to the stress imposed on them through their being 
subjected to a very high difference of potential. Tt is also probable 
that the silent discharge contributes іп a small degree to the formation 
or liberation of these acids, and that a damp atmosphere materially 
furthers this process. I purposely say acids, because although nitric 
acid seems to be, in some cases, the predominant partner, other acids 
are always present in varying quantities. It is very difficult to say 
which material forming part of a tube is responsible for the damage, 


and it can orily be discovered by a process of elimination ; personally 


I suspect tliat the solvents made use of to dissolve the shellac, which 
is generally used, are the most prominent offenders. ‘Now as to the 
test upon which Mr. Highfield bases his theory, it seems to me he 
only reproduced the exact conditions which prevailed in the faulty 
machine, and I venture to say that his test is quite inadequate to prove 
anything beyond the fact that the combination of tubes composed of 
certain materials with conductors raised to.a high alternating potential 
is responsible for the production of a number of acids, amongst which 
nitric acid is most conspicuous. If Mr. Highfield had made compara- 
tive tests with a number of tubes, all composed of different materials, 
having approximately the same dielectric ` strength апа the same 
opening (one of these tubes might, for instance, be a glass tube), and 
had obtained uniform results in all cases, then I could have endorsed 
his conclusions, but, failing such conclusive tests, I incline to think that 
Mr. Patchell’s view more nearly approximates to the true facts of the 
case. 

Mr. A. A. CAMPBELL SwINTON : I only wish to address the meeting 
on à single point—one which appears to me to be much the most 
important matter connected with this interesting paper—and that is 
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the fact that almost the whole of the machinery described is of foreign M 


origin. I also wish to bring to the notice of the mecting what appears 
to. me to be the totally inadequate reason that Mr. Patchell gives for 
this being so. He states that, “ as regards the type of plant to be adopted, 
it was felt that the load would grow so rapidly that no risk could be run 
with experiments, and the author, therefore, felt compelled to adopt such 
types of plant as could be seen in satisfactory work." There are various 
reasons why the orders for plant for use in this country go abroad. One 
of the most common reasons is because the capital comes from abroad, 
and the people who find the money naturally stipulate where their own 
money is to be spent. I do not think that is a reason we can complain 
of, but I take it there was no such reason in this case ; I take it that 
it was purely a matter of English money, and it was purely a matter 
in the discretion of the engineers and the directors of this company 
whether they should buy thcir plant in this country or in other 
countries, and the only rcason for going abroad is comprised in the 
sentence I have read. I should like to know what some of the older 
engineers of this country, such men as Watt, Stephenson, and Brunel 
would have thought of the suggestion that in order to avoid a little 
experimenting they should go and place their orders abroad. I do not 
believe for a moment they would have hesitated to have kept the work 
at home and run some little risk. I think that in the general interest 
of the: country engineers and also shareholders should be prepared to 
run some little risk. I personally have no interest whatever in any 
British electrical manufacturing company, and thereforc I have thought 
that perhaps I was a suitable person to raise this question. Manufac- 
turers can be taunted with the fact that they are interested, but personally 
I have no interest in the question at all. This tendency to order 
machinery abroad when it can be obtained at home may, perhaps, 
denote prudence, but it certainly does not show any courage. I have 
no.other point to bring forward, but in conclusion I can only suggest 
that this generating station, if it was only more portable, and if it could 
be carried round the country, would be a most apt illustration of what 
might be advantageously avoided by a suitable measure of Tariff 
Reform. 

Mr. D. WILson: Аз a former central station engineer I have read 
this paper with very great interest, and join with other speakers in 
expressing regret that Mr. Patchell did not see his way to give some 
figures which would enable us to believe that this station was really 
economical, instead of allowing us to judge, perhaps incorrectly, 
on the vagueness of the figures given, that it is not so efficient as 
some of the oldcr existing stations. It is to the boiler question, how- 
ever, that I have directed my attention more particularly, and I would 
like to say something in reference to a few of the points raised by 
the previous speakers, more especially with reference to horizontal 
and vertical boilers. It is, of course, well known that there is no water- 
tube boiler with truly horizontal tubes. In the Babcock boiler the 
inclination is 15?, and after some thirty years experience we are still 
convinced that this angle is all that is necessary to produce the results 
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required, namely, to establish a full and definite circulation. It has 
been suggested that in the vertical tube boiler no soot or scale adheres 
to the tubes. That suggestion is, of course, absurd, and is one that will 
not stand investigation, and with reference to that point we cannot 
have a better example than a Green’s economiser. We all know that 
it is necessary to have an external scraper to keep the tubes free from 
deposit, and we also know that it is necessary to clean the tubes 
internally from time to time. With reference to the evaporative capacity 
of Mr. Patchell’s boiler, there is, of course, no difficulty in designing 
a boiler to give 100,000 165. evaporation. It is not in the arrangement 
of the heating surface that the difficulty lies ; it is in the design of the 
grate, and the problem resolves itself into a question of the practical 
working of the furnace. In our opinion a boiler of 100,000 Ibs. evapora- 
tion is wrong, and from our experience in the design of large central 
stations we think the limit is about 30,000 lbs., when everything is 
taken into consideration, such as minimum capital outlay on spare 
plant, facilities for cleaning and inspection, efficient stoking, capacity 
of plant put out of commission from any cause, etc. Even with a 
30,000-lb. boiler it is necessary for firing to have at least one door 
open almost continuously, and the disadvantage of this is obvious. 
With regard to the question of the furnace design, I should like to 
make a few remarks in reply to a statement made by a previous 
speaker with reference to the height of the combustion chamber in the 
so-called triangular furnace. This is, I think, very much overrated. 
There is a limit in both ways to the furnace, and it is just as possible 
to have too large a furnace as it is to have one too small. Sufficient 
combustion space is essential, but there is no object in increasing the 
height beyond what is necessary for a proper mixing of the gases and 
perfect combustion, and I am sure there are several central-station 
engineers present who will confirm the fact that perfect combustion 
is obtained in an ordinary horizontal tube boiler. In connection with 
this point, some very elaborate tests have recently been carried out 
at the Islington Corporation Station, and in one test of twenty-four 
hours' duration, the boiler and superheater working at a full load gave 
an efficiency of 79'6, and the cost of evaporation, which is a more 
important point from a commercial point of view, came out at slightly 
under 5s. per thousand gallons. This result was obtained with absolute 
smokelessness throughout the test, although the coal contained over 
30 per cent. volatile matter, and I think it conclusively proves that the 
horizontal boiler has a high efficiency, and that the combustion space 
is sufficient. As far as evaporation per square foot of heating surface 
is concerned, the figure suggested by Mr. Anstey is exceeded every day 
with the horizontal tube boiler, and it may be of interest to you to 
know that in the Navy we have to evaporate from 8 to 1o lbs. per 
square foot of heating surface during the full-load trials, and that that 
is done without any damage to the boiler or any serious reduction in 
the economy. Ав regards the floor space, I think probably too much 
importance is attached to this question. Mere calculations of pounds per 
square foot is not the whole story, and one can cram the space at the 
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expense of other important considerations. The station of 15,000-k.w. 
capacity recently put up in Paris for the Metropolitan Company 
approaches the ideal nearer than any other, and the size of the power- 
house is only 123 ft. by 66 ft. I do not think I have anything else to 
say, beyond expressing a wish that Mr. Patchell will supplement his 
paper by giving further figures. His station is one of the most modern 
reciprocating plants in the country, and it would be of the greatest 
interest to the Institution and engineers generally if we were enabled, 
by means of his figures, to make a comparison between this station and 
some of the modern turbine installations. 

Mr. A. H. SHAW: There is one point I should like to raise with regard 
to the use of large tubular boilers. When one has to deal with large 
generating sets up to 5,000-k.w. capacity, I am not at all sure that 
it is an advantage to adopt such large boilers as Mr. Patchell describes. 
All boilers require shutting down occasionally or periodically for the 
purpose of cleaning and inspection purposes, and if these large gene- 
rating sets are supplied by one boiler or two boilers with a common 
grate, as described by Mr. Patchell, when the boiler is shut down for 
cleaning or other purposes the generating set must be thrown out of 
commission as well, whereas if we adopt a battery of boilers to supply 
each generating set, as in the Carville Station, one boiler can be shut 
down at any time without interfering with the others, and without 
interfering with the running of the set. Of course the capital cost may be 
somewhat increased by adopting a battery of boilers, but I think it would 
be more than compensated for by the advantage of being able to run 
each generating set for a very much greater period than would be the 
case if it is supplied by one boiler. Two or three speakers have referred 
to the periodicity, and have stated that a periodicity of 25 would have 
been more suitable as motor generators or rotaries have to be used. 
I know it has been generally held by engineers that a periodicity of 
25 is not suitable for incandescent lighting, but I remember seeing 
a few weeks since that over 18,000 16-c.p. lamps are now being 
supplied in Buffalo by 25-cycle alternating current from Niagara Falls, 
static step-down transformers only being used. Ido not know whether 
this refers to the paper, but I should like to know if that is а fact. If 
they can use a periodicity of 25 for lighting on the other side of the 
Atlantic, why should we not be able to do so here if it is required in 
any particular case ? With regard to the condensers, I quite appre- 
ciate Mr. Patchell’s desire to avoid surface condensers, as I have had 
the same trouble in cleaning that he has had. I have also found that 
the only real method of cleaning a condenser in use with cooling 
towers is by means of a solution of hydrochloric acid, a point which 
Mr. Sayers referred to, although I do not go so far as to take out all the 
tubes and give them a bath every three months. I think that must be 
rather a costly proceeding, and it might perhaps be preferable to leave 
all the tubes out and turn the condenser into a jet condenser at once. 
I think the only real method, as Mr. Sayers stated, is to treat your 
make-up water, although that also is rather a costly proceeding. I 
very much hope that Mr. Patchell, in his reply, will give us some 
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figures with regard.to the steam consumption for his engines, because 
a figure of under 4 lbs. is rather vague, and I have known that Везе 
reached in a very much smaller station, using. ‘small Welsh. .. 

Мг. Н. L. Boor: I think Mr. Patchell is quite right in атаар 
economisers іп the design of his station. І have found myself that 
if. plenty of heating surface is put in, that is, plenty. of tubes іп 
the ‘boilers, and superheaters as well, there is very little extra gain 
by putting in economisers; in fact, on boilers which we are running 
now with tubes we find that when we are running multitubular 
boilers the gain in feed temperature is 100° less than what it is 
when we are running Lancashire boilers. When the extra cost of the 
flues and superheaters,-and also of. the economisers, is capitalised, it 
will appear a very doubtful question, considering the matter from the 
point of view of cost, as to. whether it is worth while going to the 
extra expense and. taking up the extra. space for economisers where 
superheaters, multitubular boilers, ctc., are used. Undoubtedly with 
Lancashire boilers there is a great gain in spite of the extra capital 
cost. I was surprised to hear Mr. Patchell say that he experienced 
trouble in keeping the condensers clean. I think probably this may 
have been due in his installation to allowing the cooling water to get to 
too high a temperature. If he had kept his cooling water at a lower 
temperature, he would probably have found that the tubes kept clean 
very much longer.. However, as. another speaker has suggested, 
these tubes are not at all difficult to clean with a bath of dilute acid. 
I would like to ask Mr. Patchell if he will kindly state in his reply, if 
possible, the capital cost of the kilowatt caused on account of the 
additional mains required by placing the station some distance out 
from the area of supply—that is to say, I want to see the capital cost 
of all the items put down separately, and of course added together 
showing the total cost; to see when we come to the position where the 
cost of the mains is equal, or considerably more than the gain. obtained 
by placing the station nearer, especially when using underground 
mains and the system he proposes. 

. Mr. J. К. WALKER: I have been very midi interested. in the 
part of the paper relating to the boilers installed at Bow. I am 
of the same opinion as Mr. Patchell regarding the use of large 
steam-raising units, and am much pleased to see that the adoption 
of such large water-tube boilers has been a success. I have had con- 
siderable experience with large boilers at sea, and һауе never found 
any difficulty in running them for considerable periods ; in fact, the 
boilers were the last place in which we expected to find trouble. 
The size of boilers with which I have had most experience has been 
from 2,000 I.H.P. up to 3,500 I.H.P. each. I do not, however, think 
that the way the boilers are treated at Bow is quite right, or that 
the treatmént is such as one would expect to be meted out to therh 
after proving such good friends to Mr. Patchell when he wants an 
extra pound or two of water evaporated. I find on reading the de- 
scription of the boilers that they are expected to actas water-heaters.or 
economisers and also as water purifiers, in addition to what I take to be 
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the original purpose of a boiler—that is, steam generation. Weare told М 


on page 73: “Тһе back sections act as water-heaters or cconomisers 
with a definite circulation ; any scale or sediment is deposited in them, 
and the front sections kept quite clean." I must sav that I am 
decidedly of opinion that any boiler, more particularly a good boiler, 
such as this upright boiler has proved to be, is the very last place in 
which water purification should be attempted. I have no particulars 
as to the quality of the water supplied by the artesian wells at Bow, 
but I should think that Mr. Patchell has been very fortunate indeed if 
he finds that the water contains neither temporary nor permanent 
hardness. According to the paper there is no water-softening plant 
put down, so that there is evidently very little temporary or permanent 
hardness. If we take it that the back sections act as purifiers, then I 
am of the opinion that the quantity of impurities present in the water 
would have to be very slight in order that the action should be com- 
pleted in the back sections alone. My experience of water purification 
in. connection with feed-water for boilers has been that the trouble 
has been not so much to purify the water from matters in solution as 
to get rid of the impurities when they reach the solid state. I have 
found that it is generally necessary to have a filter or plenty of tank 
space. їп which the water can stand until the suspended matter 
settles. For this reason I do not think the action of the purifier part 
of the Hornsby boiler can be completed there, as the time for settlc- 
ment or deposit is so short, and I feel quite sure that a good deal of 
the deposit, however little it may be, is very likely to be carried into 
hotter parts of the boiler. Further, as we are told that the back sec- 
tions act as a water-heater, I think it is too much to expect that any 
kind of sediment would be deposited there. The temperature in this 
section would, I am afraid, not be high enough to cause any sulphate 
of lime, or any of the other compounds which cause permanent hard- 
ness in water, to be deposited there. As is well known, the impurities 
referred to are only deposited at high temperatures, such as would be 
found in the front sections of the boiler, and I am therefore much 
interested in seeing by Mr. Patchell’s paper that he has evidently 
found a water containing no permanent hardness when he states that 
the front sections are kept quite clean. I have had considerable 
experience in running boilers, and I must congratulate Mr. Patchell 
on being able to keep any of his tubes clean. At the last meeting a 
gentleman who spoke in favour of the Hornsby boilers stated, as 
showing the cleanly habits of the upright Hornsby boiler, that it could 
be run for three months without cleaning. I do not think that that 
is anything but a very moderate performance, as I have, using water 
of 15? hardness, treated with a home-made water softener, run hori- 
zontal water-tube boilers for a period of six months without internal 
cleaning, and at the end of that period I found there was very little 
scale present. That shows the value of having even a home-made 
water-softener. Of course, it may be that in the case of the boiler 
described in the paper it is on account of the purifier part of the 
apparatus becoming dirty that the boiler is shut down for cleaning. 
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If the front sections have to do all the steam raising, and raise as much 
steam as Mr. Patchell says they do, then I think it is a very shabby way 
to treat them to stop them from working while he cleans out the 
purifier part. If this is so, then the sooner Mr. Patchell carries out 
the purification of his feed-water in a purifier apart from the boiler the 
sooner he will get the continued use of his boilers proper. I am of 
opinion that no stone should be left unturned in order that the full 
value of the boiler can be continuously obtained. We hear it stated on 
many hands that water that is too pure should not be put into boilers ; 
but if proper precautions are taken in the way of keeping the alkalinity 
of the boiler water at a safe value, and by the judicious application of 
zinc plates—-(these will no doubt appeal to electrical engineers, as they 
are supposed to form an electro-couple with the plates forming the 
boiler)—I think, if these precautions are taken, very little trouble will 
be found in running boilers with water, and water alone. During the 
experience which I have had in running boilers at sea, using the same 
water over and over again, and with a make-up consisting of nothing 
but evaporated sea-water, I have never seen any ill-effects due to the 
water being too pure, and no difficulty was found in running the boilers 
for long periods. I feel sure that any action which is taken by central 
station engineers towards supplying their boilers with pure water will 
be amply repaid by the increased length of time it will be possible to 
run the boilers without shutting down for cleaning. There is a great 
deal said about the relative benefits to be obtained from vertical tubes 
and horizontal tubes ; we have had some opinions expressed on that 
subject to-night. We are told by the makers of water-tube boilers, or 
by their representatives, that when we use vertical tube boilers the 
tubes run very clean. I have had very little experience of vertical 
tubes, but the little I have had has led me to have doubts as to the 
truth of all the assertions made in regard to the matter. There is 
nothing like a practical illustration, and I have here in my hand a 
section cut froma nearly vertical tube. The boiler was run at 140 lbs. 
per square inch, and the only treatment meted out to the feed-water 
was the addition of a boiler composition. You will see the result of 
adding boiler composition to the feed-water. (Specimen produced.) 
I am inclined to believe that, with scale-forming water, the vertical 
tube'is not so much in front of the horizontal as some people would 
like us to believe. I think that is all I have to say on the matter of 
boilers, but I have a question or two to ask Mr. Patchell—he has been 
asked a few already. We are told on page 75 of the paper that the 
method of pumping adopted is the air-lift system. I have been told, 
or have read somewhere, that when water is raised by means of an 
air-lift a difficulty is experienced in the boiler, into which the water is 
fed, through the air which is used to raise the water becoming inti- 
mately mixed with the water, being pumped into the boiler, and 
thereby causing corrosion of the plates. I would like Mr. Patchell to 
tell us in his answer to the discussion whether he has had any trouble 
whatever in that connection, due to air being taken into the boiler and 
so causing corrosion. Then I have another question, on which I 
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should like to receive some information. Will Mr. Patchell tell us 
what percentage of CO, is present in the flue gases of the upright 
boilers when only one grate is being used? If we get a figure showing 
us that, I think we may then have some clue as to why the consump- 
tion of coal approaches 4 Ibs. per unit generated. Му last question is, 
Will Mr. Patchell tell us what staff he requires in each of the depart- 
ments of his generating station? We hear so much at the present 
day of the labour-saving properties of turbine-driven sets and 
mechanical stokers that I should like very much to know how many 
men Mr. Patchell required at Bow, so that we could make a comparison 
with some of the newer stations which are driven by turbine machinery 
and use mechanical stokers; and then we will really see what the 
labour-saving properties connected with these particular classes of 
machinery amount to. 


Mr. W. DUDDELL : There are two points in Mr. Patchell's paper to M 


which I should like to refer. The first is the destruction of the insula- 
tion of the stator coils which has been observed by Mr. Highfield, and 
of which Mr. Patchell has found no trace. There seems no doubt, 
from what Mr. Highfield has told us, that the prime cause of the 
destruction is one of the oxides of nitrogen. It is of great interest 
to inquire what conditions govern the production of these oxides of 
nitrogen in order to form an idea why these effects have only been 
observed in some cases and not in others. The oxides of nitrogen are 
always produced when a brush discharge takes place in air. А brush 
discharge will take place if the potential gradient exceeds a certain 
limiting value ; according to a recent paper by A. Russell air breaks 
down and a discharge takes place if the potential gradient exceeds 
38,000 volts per cm. 

Fig. A represents purely diagrammatically a single conductor, the 
adjoining wall of the mica tube and the iron frame of the machine. 
The frame of the machine is assumed 
at zero potential, and the ordinate CC’ 
represents the potential of the wire 
above the iron frame. The ordinates 
of the curve AB'C' represent the 
potential at any point in the dielectric. 
The maximum potential gradient in 
the air part will be at C next the sur- 
face of the wire, that is, the curve is 
steepest at this point. If this potential 
gradient exceeds the limit for air, a 
brush discharge will take place with 
the formation of greater or less quanti- 
ties of the nitrogen compounds. The 
maximum potential gradient and the 
shape of the curve AB'C' depend 
chiefly on: The difference of potential CC' between the wire and the 
frame ; the thicknesses of the air cotton, etc., and of the mica wall; 
the radius of the wire and of the mica, etc., if curved ; the specific 
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inductive capacities ; and ше conductivities oF the two media between 
АВ апа BC. > - 

In Mr. Patchell’s 3- inse 16:506: ОЕ acude earthed seus 
the maximum P.D. CC' is about 8,200 volts, whereas in Mr. Highfield's 
2-phase, 10,000-volt machines it is about 14,100 volts. At first sight 
this seems like the explanation of the difference. It cannot, however, 
be the whole explanation as, і I- understood Mr. Highfield correctly, 
he has observed the destruction оҒ the insulation in coils in which the 
Р.Р. between the wire and the frame was only 2,000 К.М.5. volts. .So 
that Mr. Highfield has noticed deterioration with only 3,000 maximum 


| volts between wire and frame, and Mr. Patchell. has not found it with 


8,200 volts. Of the relative thicknesses of the mica wall AB and the air 
cotton layer BC in.the two cases we have no. information, but it is 
probably very similar, as it is determined by questions of dielectric and 
mechanical strength. The radius of curvature of the wire at the 
corners is smaller in the Highfield machine, judging by the rectangular 
tube be showed at the last meeting, which would greatly increase the 
potential gradient and destruction at the corners, as was well shown 
in the test exhibited. It remains, however, that in the relative specific 
inductive capacities and conductivities'of the two media {һе greatest 
differences may exist, 

` To.reduce the potential gradient near the wire is a problem similar 
to that considered by Mr. O’Gorman in his paper on cables before this 
Institution in-1901, and the method he proposed was called “ grading " 
the dielectric, which consists in arranging the. conductivity and 
specific inductive capacity so as to obtain the required distribution of 
the potential through the dielectric. In the:present case we require 
to concentrate the stress on the wall AB, that is, to raise the point 
B'.in Fig. 1 so as to relieve the air and cotton of as much stress as 
possible. If the material of the wall.AB is fixed, this can: be done 
by increasing the specific inductive capacity and the, conductivity оё 
the layer BC. ‘Thus it seems that а bad insulating material for BC 
would give better results. By bad insulating material I only. mean one 
that insulates badly, and not one which contains acid, etc. 

It is to be noted that the high specific inductive capacity of mica 
and shellac are unfavourable to their use > for the wall AB as they JONES 
the point B'. 

There are two other methods bs which this difüculty may be over- 
come, one of which is fairly self-evident; namely, to impregnate the coil 
so as to exclude the air altogether.’ The second method was mentioned 
by Professor Epstein at the last meeting, and consistsin placing a metallic 
shield between the wire and the mica tube. It seems to me that this 
method should give excellent results, provided that the metal shield is 
connected electrically to the coil, and that the mica tube is built up on 
the metal shield so as to exclude all air from between the metal and 
the mica. It is probable that the shield would have to be thin and of 
high resistance material to prevent eddy-current losses in it. 

The second matter to which I wish to refer is the question of 
switching on and.off of cables. 
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Mr. Sparks, in opening the discussion on the paper, mentioned Mr 


that I had carried out marry switching tests for him, and he has kindly 
given me permission to show you some of the results obtained. The 
conditions which prevail on switching in and out apparatus differ so 
much from one station to another, that I only propose to refer to two 
points. One is the difference between the break in air and the break 
under oil on disconnecting an unloaded cable, and the second is the 
effect of a transformer connected to the cable. The feeders used for 
the tests were 6,000-volt rubber cables, and the tests were all carried 
out at 2,000 R.M.S. volts to avoid any risks to them. The alternator 
gave a very square-topped P.D. wave-form, which was further distorted 
by the capacity, as will be scen inthe following figures. I may mention 
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that, as the result of these and other tests made on the machines, the 
pole-tips were redesigned, and the wave-form mage almost sinusoidal. 
In all cases the larger curve is the P.D. curve, and the inner smaller 
curve the current. For all the P.D. curves 1 mm. = 300 volts, for the 
current curves in Figs. B and C, г mm. = 2 amperes, and in the rest 
Imm.==4 amperes. The tests were all carried out single-phase to 
simplify results. The rises do not, of course, occur at every operation 
of the switch. It is therefore necessary to make a large number of 
tests to find out what may occur. 

Figs. B and C show switching on and off of about 4} miles of cable 
on open circuit, using brass contacts in air. Fig. B is typical of the 
sudden instantaneous rise in P.D. which occurs on switching on a 
feeder or open circuit ; the maximum volts recorded is 4,200, or 2°1 
times the R. M.S. ; this is quite a normal case. The switch-off, Fig. C, 
is a bad one, sparking having taken place at the contacts, the maximum 
volts rising to 5,100, or 2:55 times the R.M.S. value. Fig: D is a switch- 
on of twice the length of cable using brass contacts in air; the rise is 
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to 4,500 volts, or 2°25 times the R.M.S. value. Switching off this same 
length of cable with contacts under oil, no rise at all is obtained in 
Fig. E. 


Fic. E. 


Mr. Highfield in his remarks referred to the fact that he has his 
instrument transformers connected across his mains when he switches 
in. I do not think that they tend appreciably to prevent the rises. To 
illustrate this point, the test shown in Figs. D and E was repeated with 
a 400-k.w. transformer on open circuit connected to the far end 


Fic. G. 


of the cable ; the results, Figs. F and G, show a rise at switching on 
of 5,400 volts, or 277 times the R.M.S. value. At the switch-off with 
the break under oil there was no rise. If, however, the transformer 
has its secondary closed on a low resistance, or if it is heavily loaded, 
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then when it is switched on with the cable it will tend to reduce the 
rises. It is of interest to compare the way the voltage dies away on 
the cable after switching off. In the first case, Fig. E, we have the 
cable discharging through a non-inductive leak (the oscillograph), 
and in the second, Fig. G, through the inductive transformer giving 
slow oscillations which are quickly damped out. In conclusion, I may 
say that these results obtained with Mr. Sparks’s plant are quite 
typical of the records I have obtained in many other cases I have 
investigated. 


Mr. С. WÜTHRICH, Oerlikon (communicated) : With reference to М 


Mr. Patchell’s remarks as to the non-existence of any trace of nitric 
acid on the stator coils of his high-tension motors, I certainly think 
that no modern manufacturer would be so imprudent as to use 
varnish or other insulating material for which no guarantees have been 
received from the makers as to total absence of acid, or of any other 
injurious substance. Most makers of high-tension machinery get these 
guarantees verified by their own chemists. I strongly believe that 
everybody who has built high-tension motors for pressures above 5,000 
volts, will have to pay the penalty for not having properly appreciated 
the necessity of investigating the actual causes of the deterioration 
of the insulation of the high-tension coils. That nitric acid is the 
enemy we have to battle with is, according to my opinion, beyond a doubt. 

The study of cable effects, etc., caused me on several occasions to 
open high-tension coils of induction motors which had been running 
for the last four or five years. A decrease in the quality of the 
insulation of the individual wires could be observed. Discoloured 
spots in the insulation showed plainly that another influence than age 
only was at work, and chemical analysis proved beyond doubt that 
nitric acid was the agent. I made this observation some considerable 
time back, and in order not to have to bear the rather serious conse- 
quences I took, and I am still taking, energetic steps to avoid the 
necessity of having to re-wind at least the commencing coils of the 
three phases (star-connected) of some of the high-tension motors, and I 
may say that the very steps which helped me to suppress and even to 
eliminate the possibility of such breakdowns, are also adopted when 
constructing new motors, and in both cases the results were eminently 
satisfactory. 

Everybody who has dealt with high-tension motors must have 
observed more or less pronounced brush discharges, particularly during 
the pressure tests carried out with a voltage of often twice or three 
times the working pressure, or even higher. These brush discharges, 
although practically unnoticeable at the normal working pressure, 
exist nevertheless, though in a greatlv diminished measure, and it 
stands to reason that the less this brush discharge is observable, the 
longer it will take to deteriorate the insulation of the individual wires 
through the formation of nitric acid. The current used to carry out 
the above-mentioned pressure tests can of course be measured, and if 
the former is drawn up in a system of co-ordinates as a function of the 
voltage from zero to maximum, the curve, Fig. Н, is the result. 
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This curve is. obviously very important.- As a matter of fact I would , 
call it the:*life:curve " for high-tension machinery in so.far as its age 
is шше by the action referred to. Designers should have no difficulty 
or " | in making an empirical formula 

in which the current for a given 
voltage could be calculated as 
a function, say, of the total sur- 
face of all the conductors in 
the stator, the voltage, dimen- 
` sions of insulation tubes, etc. 
I think that manufacturers 
T should pass no motors from the 
‘Current - test-room which show a higher 
Fic. Н. /— test-pressure current than that 
to. empirically found as giving 
sufficient guarantee for a reasonably long age of the machines. The 
Oerlikon Company has been very successful in eliminating the danger 
of this formation of. nitric acid as a result of their extensive investi- 
gations. Perhaps. а little far-fetched proof of the correctness of my 
statement as to the existence of the “nitric acid danger” is offered by 
the action of an English company in Norway. It may have been 
noticed that according ta statements in the press this company com- 
mands working capital of about £400,000, and manufactures nitric 
acid on a principle similar to that which is destroying high-tension 
motors—if no.adequate precautions are taken to suppress it! ! Ido not 
think that this company is throwing money away. | 
Мг. F. POOLEY (communicated): The part of this paper in which 
I am. personally interested is that of the cables, and. I notice that 
Mr. Patchell states that. the only serious breakdown which has occurred 
was due to the over-baking of the cables in order to give them a high 
insulation resistance. I think that it was fully realised some consider- 
able time. before the date when these cables were made, that it was not 
the insulation resistance that formed the most valuable property of 
high-tension paper cables, but. the dielectric Strength. It is a curious 
fact that in paper cables a high insulation resistance is never found 
with а high dielectric strength, and it therefore seems extraordi- 
nary that a firm capable of carrying out a contract of this.size should 
actually endeavour to.obtain a high insulation resistance when it could 
only be done at the expense of. the very much. more valuable property 
of high dielectric strength. 
Мг. Patchell's immunity from faults on these cables i is probably 


largely due to the great thickness of dielectric which they possess. 


Cables for extra high tension, built on the old Board of Trade rule for 


high-pressure work (up to 3,000 volts) of one-tenth of an inch per 2,000 
.volts, have a factor of safety very much higher than is generally 
realised. This was brought: clearly to my notice some years ago when 


testing about 77 miles of high-tension 3-phase cable built to the same 
rule for 6,500 volts. The test-pressure for these cables was 20,000 
volts for.an hour, and in no single instance throughout the whole of 
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that 77 miles could the cables be broken down with, not only that 
pressure, but the highest pressure available at the time of testing, which 
was between 70,000 and 80,000 volts, or considerably over ten times 
the working pressure of the cables. I have no doubt that, had the 
higher pressures been obtainable, the cables would still have stood. 
With one fairly long length having a high electrostatic capacity 
{ endeavoured to break down the insulation by means of the rise 
in pressure due to resonance by switching the high-tension current 
onand off the cables many times in succession. The only effect of 
doing this was to cause the cable at the far end from that at which the 
pressure was applied to spark over from one core to the other. This 
shows that we have a very large margin on which to work, and explains 
very largely why these charging devices, of which we heard so much 
when extra high-tension work first came into vogue in this country, 
are never used, although installed in most extra high-tension stations. 

I think it would be interesting if some experiments could be carried 
out to discover to what actual pressure the current does rise in a cable 
on switching in a long length having a high electrostatic capacity, and 
it seems to me that the reason this sudden rise is not more destructive 
to the dielectric is that the actual rise is really half a cycle at an 
enormously high frequency. 

I may be quite wrong in this suggestion, but we know from the 
application of high-frequency currents, as shown by Tesla and others, 
to medical ‘science, that the disruptive power of these very high- 
frequency currents is practically negligible. I have not the oppor- 
tunity at the present time for investigating this myself, but I give it as 
a suggestion which might be followed up, I think, with advantage. 


Mr. J. S. HIGHFIELD (communicated) : I wish to enlarge a little оп M 


what I said in connection with the advantages of 3-phase as compared 
with a 2-phase supply. One of the chief reasons that 2-рһазе was 
adopted by the Metropolitan Company was in order that single-phase 
current could be conveniently distributed, and, if this is essential, 2-phase 
has immediately a great advantage over 3-phase, but if the nature of the 
current distributed is not important, then, for a given pressure to earth, 
3phase supply has an advantage over both single-phase and 2-phase 
where one of the poles of the latter system is earthed ; if, however, all 
the poles are insulated, and only the neutral point of the winding is 
grounded—i.e.,in the case of single-phase and 2-phase, a point half way 
down the winding is earthed : then, for a given pressure to earth, both 
single-phase and 2-phase, and also 3-phase, are all on the same footing 
and use the same weight of copper. It would be quite simple to use a 
2-core cable for supplying smgle-phase current, which would show just 
the same cost as a 3-phase cable ; in fact, the cost would be somewhat 
less, as the labour in construction would be less, since only two cores 
have to be insulated, but the advantage of grounding one pole and 
having single-pole switchgear throughout is so great that I doubt, 
unless extremely high!pressures have to be used, that a concentric cable 
with the duter earthed will always score over two insulated poles. 

In connection with the nitric acid question, it is to be hoped that 
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some one with ample time at his disposal will thoroughly investigate 
this matter, but meanwhile, in view of Mr. Patchell’s further remarks, 
I am afraid that in my previous statement I have not made the matter 
quite clear, and I wish to add further to what I then said. 

So far as one could ascertain, the coils, as sent out, weredry. They 
were, of course, tested at the works, and the machines were very 
carefully dried many days before being worked up to full voltage. 
The drying was, of course, not carried out by means of fire buckets, 
but by heating electrically. The machines then worked for a long 
period—in fact, for two years—without trouble; but after one or two 
breakdowns, the investigations already referred іо were carried out 
after the green deposit was found. The whole of the materials, I 
should again repeat, were tested independently both on behalf of the 
Metropolitan Company and the makers, and they were found to be the 
best of their kind. The deposit occurred in the cotton braiding on the 
coils, and, of course, it was first attributed to impure varnish ; but the 
analyses absolutely showed this not to be the case, and none of the 
analyses showed the presence of nitric acid in the new coils, whereas 
coils that had been at work showed nitric acid and nitrate of copper 
in considerable quantities, as well as sulphuric acid, doubtless formed 
in the way I have stated. The presence of moisture in what were 
properly dried coils is readily accounted for by the pumping action 
caused by the expansion and contraction of air as the machines were 
alternately cooled and heated, and this moisture would be increased by 
the presence of sulphuric acid formed as a secondary result of the 
brush discharge. I ought to say that I have seen exactly the same 
action in machines of other makes, and also in current transformers, 
and, somewhat to my surprise, on a copper rod passing through an 
insulator which was fixed rather near a damp wall. 

On the lower coils, at a pressure between 2/4,000 volts, the amount 
of deposit was not enough to cause any trouble whatever, and the 
machines would doubtless have run for years at a pressure of 6,000 
volts to earth, which is the pressure existing at the Bow Station. 

Mr. Duddell's remarks on this matter are of extreme interest, and, 
as I have already said, I trust that he or others will carry out a more 
complete investigation on the point under proper laboratory conditions. 
I am happy to say that the machines which previously caused trouble 
have been partly rewound with solidly insulated coils, and the trouble 
has entirely ceased. I do not think it is good enough to trust to the 
complete removal of the moisture from the coils, even if this can be 
done. As a matter of fact, however, this is ап exceedingly difficult 
thing to do, and many hours' drying in vacuo are required to eliminate 
approximately the whole of the moisture. As I have pointed out, 
even if this is done, after a very short time moisture will be found as 
new air is pumped through the coils. 

Mr. PATCHELL (in reply): In the first place, Sir, I have to thank 
you for not giving any other gentleman an opportunity to ask any more 
questions! I think the most energetic speaker on the last occasion 
was Mr. Rider. 1 afterwards asked him if he would accept the 
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Encyclopedia Britannica, with the Appendix, in full satisfaction of 
all claims, so that he might get out the answers himself, but he refused 
the offer ! As he would not accept that, I am quite at a loss to know 
what to offer either Mr. Boot or Mr. Walker ; but by the help of the 
report іп our good friend, the Electrician, I have done my best to 
throw the various questions under the headings into which I have 
divided the paper, and I propose as far as possible to answer them in 
that order. The first we come to is, Why was the site not chosen 
far away, or somewhere else? The reason for that is that we were not 
exactly free agents. There was a special purchase clause in our Act 
which, in the event of the site being outside the City of London, 
compelled us to get the approval of the City of London authorities. 
We did not suggest to them that they should go down to Cambridge or 
the North Pole, although if it had been an overhead system that might 
have had its advantages, but we chose the best site that offered, out of 
a somewhat limited number, certainly, and one which pleased the 
authorities we had to please. Another reason was because in order 
to link the site by trunk mains to the area we had to supply, we 
required a special Act of Parliament, and, of course, the more local 
authorities whose areas are passed through the greater the trouble. In 
reply to Mr. Campbell Swinton's question, Why did we go abroad for 
our plant? I would answer him by asking another. May I ask our 
good friend why he goes abroad for his motor cars? Не told me 
since the last meeting that he was very sorry not to have been here on 
that occasion, but he had to go out into the country, and unfortunately 
his motor car broke down, so that he could not get back in time! 
Fortunately we have had better luck, and I do not think we could have 
had a better plant had it been made in England. It is all very well 
for gentlemen to stand up in 1906, ог at the end of 1905, and say, “ You 
could have got that plant in England." 1 am sorry to have to deny it 
absolutely ! When we had to buy the plant in r9oo, not 1905, we 
asked for tenders in England, on the Continent, and in Ainerica. The 
best English tender was withdrawn at the last minute, апе to Patent 
questions. We had a heavy load waiting for us, as we had not only 
our City business to pick up in the face of keen competition from 
our friends the City of London Company, who had been extremely 
stirred up by the granting of the Provisional Order for supply in their 
area to my company, but we also were depending on our new works 
for supplying our existing area, the demand in which has grown at a 
very satisfactory rate. It therefore was not a time to take unnecessary 
risks by ordering experimental machinery. That settled the first order, 
and, as is stated in the paper, the growth of the business was so rapid 
that the second order was placed before the first machinery ordered was 
delivered. Then, when we had a contractor who did his work and 
gave us absolutely satisfactory plant, we treated that contractor as an 
Englishman, and as we had always previously treated our English 
contractors—we gave him repeat orders, If contractors will give what 
is wanted at the best price, I believe in keeping with them, Although 
some people take the other view and have an engine-room very much 
Vor. 86. 10 
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like a menagerie, I do not think that the possession of a varied collec- 
tion is to the best interests of those who own the plant. My board 
took this view, and gave repeat orders to those who had served them 
well. As regards the question of pressure, I read Mr. Partridge's letter 
before reading the paper last month, and I repeat, to get it again on to 
the Proceedings, that I was in error in stating that the London Electric 
Company were stepping up everything at Deptford. I knew that they 
were stepping up, but I did not know that they. were also partly 
generating at the high tension. The machines which I had seen when 
I was at Deptford were stepping up, and Mr. Partridge has told me 
since that that is quite correct; they were partly stepping up and 
partly generating at the full pressure. I made the statement in the 
paper, however, on a broader claim than that; I said we neither 
stepped up nor stepped down ; we generated the current and, what was 
probably more important, we used the current at the full pressure. 
The Metropolitan Company are working.at a higher pressure than we 
are, and, of course, have a high pressure to ground, as Mr. Highfield 
very ably pointed’ out ; but that point I will refer to again later, as it 
comes up on another question. It is very valuable to get such a 
thorough-going tribute to the superiority of 3-phase over 2-phase from 
such an unbiassed gentleman as Mr. Highfield. It is not necessary 
for him to stand up for his own plant; he can run it down if he likes, 
for he is working a plant designed by other people, and he is now 
reaping the benefits, or otherwise, of his predecessors, so that he can 
look on 2-phase or 3-phase in an unbiassed way. As I selected 
3-phase, you might naturally expect me to stand up for it! On the 
question of frequency, it has been asked why we did not take 25 cycles, 
one reason given in support of that figure being that we could then 
avail ourselves of the supply from some of the Power Companies 
which were promoted last year. These Power Companies were not 
promoted in 1900, nor even thought of! About the only benefit I 
believe accruing to the 25 cycles is.on the line. There is very little 
benefit in the generating and very little in the motor generating plant, 
but the main benefit is on the line; and after weighing the whole 
thing up we came to the conclusion that 50 cycles was the best for us, 
that we. could if necessary work motors or lamps, ог anything else we 
wanted to work, by the interposition only of static transformers, At 
the present time certainly we are motor-generating everything to con- 
tinuous current, but we are not tied to that. The matter was very 
thoroughly discussed in January, 1904, at the conference which was 
called to consider the question by the Engineering Standards Com- 
mittee. The number of people then who stood out for 50 cycles only 
was astonishing, and they brought forward very good arguments. I 
think the alternative 25 cycles has been kept up mainly because so 
much plant of this.type had already been made, owing to the fact that 
when that plant was designed there were very few people who could 
make rotaries, and most of these could only make them to run at 25 
cycles, and I believe even at that their operation was somewhat 
uncertain, Since then, with a larger experience and an increased 
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knowledge, people have been able to design rotaries which will run at м 


ço cycle. It is now said that turbines will drive a 25-cycle machine 
which will drive a rotary, but of that I have not any experience ; I 
only give it as it is stated. Professor Epstein and Mr. Mordey, both 
of whom have had considerable experience in the design of machinery, 
upheld the 50 cycles. As a matter of curiosity, I looked up the weight 
of static transformers given in two of the best known makers' lists 
and the result is rather interesting. А 150-kilowatt static transformer 
weighs, at 25 cycles, 6,000 lbs., and at бо cycles, 4,950 lbs. ; very con- 
siderably less for the higher frequency. А 300-kilowatt is 9,900 15. 
4425 cycles, and 7,110 lbs. at бо cycles. That gives an idea as to the 
cost of the static transformer for working at a lower frequency. 

With regard to the station buildings there is practically no criticism, 
with the exception that the crane is too low. It is not stated in the 
paper, but I mentioned the fact when I was showing the slides on thc 
first evening, that at the time the building was designed we only had 
the drawings for the horizontal engine. I knew that vertical engines 
must come, and I intended to use them as soon as they came. The 
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only vertical engine then available was the triple-expansion tandem- - 


cylinder engine, which I objected to because of the difficulty of 
inpecting the cylinders quickly in case of need. I thought out what 
the size of the vertical engine was likely to be, and I designed the 
engine-room accordingly. The roof as originally designed was lower 
and the traveller was at the present level, but the architect suggested 
that the engine-room roof should be raised to the level of the boiler- 
room roof, and there was no reason to object to that. Of course, 
looking at the cross section now, it is quite easy to say that the traveller 
ought to be higher, as it would give more clearance over the engine. 
Now we come to the portion of the paper which has been more 
criticised than any ; in fact, sometimes one almost wondered, Was this 
the Institution of Electrical Engineers or the Institution of Mechanical 
Engineers? I refer to the section on boilers; and I am sorry that 
I have not made this part of the paper as clear as I hoped to have 
done, There has been great confusion among the speakers, particu- 
larly on the first two evenings, as to what was actually described as 
one boiler, and what was the large steam unit, or really what the size 
of the big boiler, as we generally call it, is. At the bottom of page 71 
[state that we added a pair of boilers last year, and on the same page 
I also state that they were erected as one steam unit. I hoped that 
that would have been clear, but several speakers have rather missed my 
point there, and have thought that it was possible to steam one of those 
bolers without the other. That is impossible, as the combustion 
chamber is common. It would possibly have been clearer if, instead 
of putting the data of what can be bought as one boiler in the last 
column of Table III., I had doubled the figures. I am sorry for the 
confusion that I have inadvertently caused there. "Then several gentle- 
men have said that I ought to have used mechanical stokers. I have 
been trying for several years past to use mechanical stokers, and have 
used a great variety, but the result has not becn to show what some of 
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the speakers, who had got better results out of mechanical stoking than 
they had out of hand-firing, were able to testify. Either their firemen 
have been a good deal worse than ours, or their mechanical stokers 
have behaved a good deal better. Of course it is vèry easy to stand up 
and say, You ought to use a mechanical stoker. That opens a very wide 
field ; but when a gentleman tells me that I should use one certain 
type of stoker, then we can come to close quarters and get on! One 
gentleman suggested that I should use the under-feed stoker. I have 
had two types of under-feed stokers, which were the only types then 
available, through my hands, but we could not get out of either of those 
Stokers the work that we got out of the same boiler when hand-fired. 
We were obliged to abandon the experiments for the time being, but 
I hope in the spring, as soon asthe load runs off, to resume them again, 
and I am still hoping to be able to use mechanical stokers. But I 
should not be satisfied with a mechanical stoker which would merely 
evaporate continuously at the normal rate. I will not use a mechanical 
stoker unless it will give the elasticity in the plant that we now get by 
hand-firing. I saw a very large station lately where the whole boiler- 
room had been equipped throughout originally with mechanical stokers, 
but the directors have found that was a fault. They could get normal 
loads carried quite comfortably, but they could not get any elasticity 
in the plant ; and when the time came for increasing the plant they 
moved half the stokers from the old boiler-room into the new boiler- 
room, and they now have half of each boiler-room fitted with mechani- 
cal stokers and the other half hand-fired. I think you will find, 
generally speaking, that works which are equipped entirely with 
mechanical stokers are run in parallel with other works when running 
on a load which varies, not at the will of the man who owns the works, 
but at the will of the public over which he has no control. In New- 
castle there are two stations, and one station can run to help the other. 
That is the same as running half a plant with mechanical stokers and 
the other half hand-fired. The same thing happens in Chicago and 
many other large towns, where one station can help another. Either 
that or working the stokers below their normal rate is the rule, so that 
when the pinch comes the stoker will respond to it. As regards 
making the back section of the boiler act as an economiser, I did not 
know that I ill-treated the boilers in so doing; as a fact it agrees with 
them ; it may appear strange, but it does act as an economiser, and 
I will show in a moment why. When the boiler shown in Fig. 5 was 
first erected the back sections were nippled to the sections in front of 
them at the bottom as well as at the top. Experiments were made 
with the bottom nipples in and with them out, their place being taken 
merely by stays, and it was then found that by putting a suitable 
diaphragm in the back section and feeding the water in so that it could 
be sent down through half the tubes and up through the other half, 
it does not mix with the other water in the boiler, which is at the 
temperature due to the steam, until it gets nearerthe fire. That enables 
us to work the back of the boiler at the lower temperature, which some 
of the speakers doubted, and it also enables the front of the boiler to 
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evaporate only, which, in the view of some of the speakers, is the only M 


thing a boiler ought todo. Mr. Walker, who dealt so well with the matter, 
missed the fact that whether scale or granulated sediment is formed 
depends not only on the temperature but on the time which is allowed 
for it to form. If the temperature is raised slowly with the water com- 
paratively quiet, scale will be formed, but if it is raised quickly and the 
water in rapid motion, there is not time for the crystals to adhere to 
each other and so form scale. I first realised this when experi- 
menting many years ago with a Babcock boiler and an American 
apparatus which consisted of a feed pipe let into the top of the boiler 
instead of below the water line. The feed-water entered through a 
smali nozzle over а cone, which was fitted with a blow-off pipe con- 
nected to pass out where the water formerly came in. 4; That had the 
effect of spraying the water into the steam space ; the whole of the 
solids in the water immediately crystallised like sand, fell into the cone, 
and could be blown out by the discharge pipe from the bottom of 
the cone into a tank. When they were dry it was possible to pour 
them out of one hand into the other like so many grains of sand. That 
showed that if the water is evaporated quickly and in motion instead 
of slowly, granulated crystals are formed instead of scale. That is 
what happens in the back of these boilers. We do not get scale on the 
tubes. The water is raised quickly to a high temperature, kept in 
motion all the time, and all that forms on the tubes is a little cgg- 
shell scale, which clears off and falls straight to the bottom when the 
boiler cools down. Hence the value of the vertical tube ; the granular 
deposit is dealt with by blowing off from time to time. The purifying 
action of the back feed-sections is astonishing, and would hardly be 
believed unless it had been demonstrated by actual results. — Their 
tubes get coated with a thin scale as described, and the corners of their 
mud-drums hold the samples of granular deposit where the blow-off 
cocks will not disturb it; the sections nearer the fire are notably 
cleaner, and the sections between the main drum and the fire are 
practically as clean and free from scale after a year's working, and 
the tubes are as straight, as when thcy were new. They have all the 
appearance of having been worked with distilled water. There is, 
however, an entire absence of pitting or corrosion, either from the 
purity of the water or from air which might be entrained due to the 
water having been lifted by the air-lift system, as suggested by Mr. 
Walker. Doubtless the open heaters free the water from any air, 
which can escape there readily. 

In response to the request for an analysis of the water, I have much 
pleasure in giving one, and also an analysis of the water from our 
Lambeth well and the water from a well at Watford. Several 
authorities have drawn attention to the fact that where water is drawn 
from strata heavily overlain with an impervious stratum it frequently 
contains large quantities of alkaline salts and more matter in solution 
than when the water is obtained from exposed rock. The quantities 
аге expressed in grains per gallon. 
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Sample of Water Sample of Sample of 


from Lambeth Water from Water from 
Well. Bow Well. Watford Well. 

Calcium Carbonate... ... 2°75 13°78 19°48 
Calcium Sulphate... ... ... None None 0°89 
Calcium Chloride... ... ... None None 0°17 
Magnesium Carbonate ... 2°10 5°65 None 
Sodium Carbonate... ... 13°17 None None 
Sodium Sulphate... ... ... 13°98 4°54 None 
Sodium Chloride... ... .. 14:66 5°48 1°67 
Alumina, Oxide of Iron, &c. Trace Faint trace None 
Silica 5; "Xu Ae aam з 0'56 0'64 None 
Organic Matter ... ... ... | None 019: 133 

Total solids dissolved ... 47:22 30°28 . 23'55 


It is interesting to note the difference between the Lambeth water, 
where the chalk is very heavily overlain with London Clay ; the Bow 
water, where the chalk is nearer the outcrop, and the water from the 
Watford well, which is in exposed chalk. Both Lambeth and the Bow 
water, instead of boiling to a hard scale and practically keeping at the 
same density, boil to a soft scale or mud and are strongly alkaline. 
When I first began to handle such water I found it concentrated in the 
boilers to 1:20 specific gravity. We are not so tied up with regard to 
water-supply as one speaker seemed to think we were with our two wells. 
I wonder it did not occur to him that there is plenty of space for more 
wells in the eight acres where those two are bored. I do not suggest 
that eight acres can be studded with 15-inch holes, each yielding 
about 20,000 gallons an hour, but there is a good deal of water under 
that land which we have not at present touched. The question of 
changing the tubes on the boilers was mentioned. A reference to 
Fig, 5 shows that the firemen stand on chequer plates over the base- 
ment. Those chequer plates are made removable for the reason that 
when the time comes to change a tube it may be drawn out through a 
manhole at the bottom of the section into the basement. At present 
we have not had to change a tube, but we have plenty of head-room 
there should we have to do so. Mr. Venning put in some figures of 
the Stirling boiler as about to be used at Carville. Reference to his 
table shows that the only question between us is the normal evapora- 
tion, and that is just like talking about the nominal H.P. of an 
engine, which means practically anything ! He has put in two columns 
the 33,000-lb. Hornsby boiler and the 33,000-lb. Stirling boiler, and 
rated the normal evaporation per square foot іп the Hornsby at 3704 lbs. 
per hour, while for the Stirling he has taken 517. If a fair comparison 
is made and the 5'17 is applied to the Hornsby, the result is 56,000 lbs. 
evaporation. The point to which we have at present worked it is not 
its limit, but only 4:6 165. per square foot of heating surface when we 
obtained the 100,000 Ibs. per pair. In considering the Carville plant 
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rating you must not be misled. As we experienced last year, the 
gentleman who is concerned with Carville is very enthusiastic when 
giving nominal values to his plant. A 3,000-kilowatt turbine is 4,500 as 
soon as it gets up there, and a 10,000 turbine is 15,000 as soon as it 
comes under his notice ; so that опе would: not expect his 33,000-1Б. 
boiler to be what an ordinary engineer would call a 33,000-Ib. boiler. 

Space is not everything, as was truly remarked by one speaker, and 
a large plant may be so crowded on to a small plot of land that the 
inconvenience in working it is immense. Double-decked boiler-houses 
are one solution, but not a happy one, and would surely ncver be built if 
all that is required could be arranged on one floor only. The Hornsby 
type of horizontal boiler can be built high, as there is no difficulty in 
supplying all the tubes with water, and the size described inthe paper 
has, perhaps, the largest heating surface that can be arranged without 
having recourse to small tubes, as used in the marine-type boiler. It is, 
however, to be noted that marine boilers are now being built with only 
part of the tubes of small size, and the remainder 4 inch, so probably 
experience’ with small tubes has disclosed the disadvantage which 
might be expected to attend their use at such low angles. 

As to the pump-room and feed arrangements, the question of water- 
heating has not been quite clearly followed out. We do not put the 
boiler pressure on the feed-heaters which are between the low-pressure 
cylinders and the jet condenser, because of the risk with those large 
vessels at boiler pressure in the engine-room in case of a joint blowing 
out There would have been a very great risk of damaging the 
generators, and very little to gain from it. One gentleman was under 
the impression that we could get a higher temperature with a close- 
type heater than we could with an open-type heater. That I do not 
admit. If water is actually in the presence of the steam it will take the 
temperature of the steam. If a plate is put between them there isa 
drop in temperature in getting the heat through the plate, and when 
that plate is dirty with scale still more is lost, so that the dirtier the 
heaters get the greater the difference becomes between the temperature 
of the steam and the temperature of the water which is to be heated. 
The absence of stage heating was strongly criticised. I think, after the 
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explanation about the boilers and the heating in the pump-room, it will ' 


be seen we are not altogether devoid of stage heating. We heat in the 
engine-room at the pressure simply of the tank on the top of the roof 
from which the water runs down by gravity, and with steam at the 
temperature due to the vacuum. We heat further by the tanks in 
the pump-room, which are open heaters, and into which all the steam 
pumps discharge. The next stage is at the backs of the boilers, which 
act as economisers ; then at the front of the boilers, where the water is 
evaporated, and finally in the superheaters. At a test taken on the 
steam pumps at the maker's works in Newcastle, опе came out at 43} Ibs. 
and the other at 40} Ibs. of steam per pump Н.Р. hour. I am not much 
concerned whether it is 35 Ibs. or 55 165., because we get it back in the 
open heater, but, as the figures show, they are extremely efficient 
pumps, Of course, if we had only a 200-H.P, engine to consider, we 
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might have repeated laboratory experiments with regard to stage heat- 
ing and superheating, which are most interesting, but are not safe in a 
large plant with a variable load. Those who have argued from small 
experiments and then built large plants on those lines have sometimes 
burned their fingers. The question of condensing and cleaning the 
tubes I will not go into now, because I dealt with that point in the 
discussion in this room on Mr. R. W. Allen's paper before the Institu- 
tion of Civil Engineers, which is reported in vol. 161, last year. Ithere 
described how, when I had been responsible for the working of surface 
condensers, I had cleaned them without drawing the tubes. I think 
Mr. Sayers, however, is quite right in stating that the concentration of 
the water and the trouble with the tubes is worse with cooling towers 
than when using fresh water every time. Опе gentleman asked 
whether there were any fans in the cooling towers. There are not; 
we only have chimneys, with natural draught. 

We now come to the black spot in the paper. I refer to the 
question of the formation of nitric acid. Mr. Highfield first described 
it as a green spot, but I am sorry it became rather black, due to a letter 
which was sent all round to the press instead of being sent here, as it 
should have been, so that we might have had it out on the floor. I was 
asked to reply to that letter when it appeared in {һе papers, but I did 
not think it proper to do so until my turn came here. I now wish to 
tell you and the writer of it most unreservedly that I much regret 
having hurt his feelings in any way. There was not one idea of the 
kind that he attributes to mein my mind ; Iam still of the opinion that 
my criticism was absolutely justifiable, and I do not see that it reflects 
in any way upon either the persons who sold those machines or any- 
body who is in anyway connected with them. It is open to any of us 
to hold a different opinion to Mr. Highfield, and I certainly was not 
convinced by his experiments. Another speaker in the room to-night 
has also given his reasons for not quite agreeing with Mr. Highfield, 
but he did not quite interpret me correctly in saying that I did not 
think the trouble was due to nitric acid. I did not put it in that way. 
It is common knowledge that nitric acid is formed by what has been 
called the silent discharge. It has been tried commercially, but I 
believe the method was found to be too expensive. I first heard of the 
effect through friends who were experimenting with ozonisers. I am 
sorry that the letter I have referred to has absolutely garbled my 
statement. The words in which I have couched my opinion in the 
paper do, I maintain, most certainly not bear the interpretation that 
has been put upon them in the letter sent round to the press, and I 
object to the way they have been twisted. In fact, if the letter had 
been written this week, one would have said it was an electioneering 
document. Mr. Highfield stated his case very fairly and frankly, and 
it is far from my thoughts to gloat over him at all because he has had 
the trouble and we have not. I think the information that we have 
had from Mr. Duddell, and from the others who have touched on the 
point, has been very valuable, but I do not yet think that we know all 
about those Willesden machines. I believe Mr. Highfield was not 
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there at the time they were started—I am not sure; but we have not M 


yet heard what type of insulation was used on them, or how much 
there was of it, how thick were the mica tubes, and how long clapsed 
after the machines were wound before they were put to work. Where 
were the machines in the meantime, and, when the machines were 
about to be put to work, how were they dried? Were they dried by 
putting fire-buckets about them, or were they dried from the inside by 
passing a current through them? If you refer to Mr. Highfield's 
original article,* you will find that some of the coils were damp. 
When I spoke of impurities, I was referring not only to dampness, 
which Mr. Highfield admits, but I had in my mind a further case. 
Twenty years ago a mechanical engincer was engaged in making 
lead secondary batteries. Не was practically working from a recipe, 
like a cookery-book, but although special care was taken in the 
process, the results did not always come out the same. He wondered 
why. The materials were analysed, and returned as “commercially 
pure." The mechanical engineer was only works manager, and 
appealed to the technical chief of the company, and also to the board, 
and said, “ May we not have a complete chemical analysis?" “No,” 
they said, “the materials are commercially pure, they are quite good, 
and an analysis would cost at least five guineas.” It is now common 
knowledge among secondary battery makers that absolutely micro- 
scopic quantities of arsenic, &c., are impurities, although they were 
then ignored in lead classed as commercially pure! I had no more 
in my mind when I wrote the criticism of Mr. Highfield's tests than I 
have just told you, and I am very sorry indeed that it caused any 
feeling. 

As regards trunk mains, we are told that we should have laid a lot 
of spare ways. Най we had our own way we should have donc so, but, 
as is stated in the paper, we had no option ; we were compelled cilher 
to lay mains on the solid system or armoured cables buried in the 
ground, and we elected to put in the solid system. We had no chance 
io put in either spare ways or boxes, and there is no void for the accu- 
mulation of gas between Bow and London on our mains. I quite agree 
with one speaker's statement, that the cost of pulling the ground up 
again to relay further mains is under-estimated in some quarters. 
Last year we had figures put before us seriously as the cost of laying 
mains, which would not in some cases pay for the reinstatement of the 
roadway. The joint mentioned as better than Fig. 14 is the B.I.W. 
joint, which is wrapped with linen tape. I have lately heard of even a 
better joint than that, namely, micanite tubes. Instead of the joints 
being made as we made them, or when a tape is wound round the cores 
in the joint hole, а micanite tube is made, and boiled in the factory so that 
there can be no dirt in the micanite, reboiled by the jointers, and then 
slipped on over each core. Ifa manis working in a hole in the road he 
is apt to get his tape damp or dirty, no matter how good a man hc may 
be. The porcelain insulators have given us no trouble whatsoever. The 
only troubles we have had are the troubles mentioned in the paper. The 


* Elcctrician, vol. 54, p. 572. 
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cable-charging gear has been found fault with. From what we have 
heard from Mr. Duddell to-night, one hopes that, with regard to the 
cable-charging gear, we will not have to use it now because we have 
oil switches. Mr. Duddell's experiments are extremely interesting, 
and they go to support what I have been told elsewhere, that the oil- 
switch will enable a cable to be taken off or put on at full pressure. 
The remark made with regard to this gear, however, that we had 
to run up through a range of frequencies, is incorrect. We can get full 
frequency with 4,000 volts, at which we put the cable on, and then 
increase the volts with the normal frequency. The curves of the 
experiments which Mr. Duddell showed us go against previous 
opinions to a small extent. It has generally been believed that it 
helped matters if, before switching on a long cable, a transformer or an 
induction motor, or some other self-induction, were put on at the far end 
of it, but in his case, as we saw, the transformer did not help matters 
materially. Mr. Highfield also appears to have had a good experience 
with his switching off. Unrehearsed effects are sometimes useful, 
though at other times they are apt to be startling, but at any rate they 
are instructive. One speaker on the motor generator question asked 
why did I prefer synchronous machines; he had found induction 
machines were better. Ithink that gentleman is working at 6,000 volts, 
and I am working at 10,000. If he had been working them at 10,000 
volts some years ago I think he might have changed his opinion. 

With regard to the working results, I have been asked for many 
things. The first speaker asked for the cost of the coal. It is about 
I3s. a ton delivered. Then I was asked for the load factor and the 
coal consumption. It would not do to tell'everything at the start, 
otherwise you would not come to hear the reply to the discussion, but 
I have not the least objection to giving you the figures for each year 
since we started, with the B.T.U. delivered into trunks, the pounds of 
coal per B.T.U., and the load factor, and I am quite prepared to put 
those figures alongside any others, as I fully believe they will justify my 
claim that the plant is highly efficient. When we are considering 
this way of appreciating a station, we must be quite sure whether we 
are talking about B.T.U. generated or B.T.U. delivered into the mains. 
Some people use the terms as synonymous, but according to the arrange- 
ment of the station there may be a very great difference between 
the two quantities. In 1902 we only worked seven months ; our load 
factor was 7°85 per cent., and the pounds of coal per unit 4:17. That, as 
I mentioned the other night, was large Welsh. In тооз we got a full 
year's work ; the load factor was then 10°66, and the pounds of coal per 
unit into trunks 3:46—that was large coal. In 1904 the load factor was 
13707, and the pounds of coal per unit delivered into trunks 3:43, when 
using partly large and partly small. In 1905 we used small coal 
almost entirely. The load factor is a little better, 13:69, and the coal 
very slightly worse, 3°64 lbs. with small instead of 243 lbs. with 
large. If that is put into pence, the difference is very marked. 
Mr. Sparks mentioned his results. Last year he was good enough 
to give them in evidence when we met for so many days not 
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far from here. I have looked up to sec what he gave us then, and 
I find they are not quite the same figures that he gave us the other 
night. City Road is not a high-tension station; the bulk of it, I 
believe, is 480-volt work, which goes to supply motors in the Clerken- 
well district. For the six months ending 28th of March, 1905, 
Mr. Sparks’ coal cost 115. 8d. per ton, and о'2954. per B.T.U. delivered 
into mains, which is equal to 472 lbs. per B.T.U. ; and he stated that 
on City Road station he had a 26'4 per cent. load factor. In the 
pubiished accounts for all his works іп 1904, the B.T.U. generated are 
rather over ten millions. We do not know exactly what the price of 
the coal was then, but if it was the same, 115. 8d., he took 5°6 Ibs. 
of coal per B.T.U. generated. Probably the coal was rather dearer 
in the early part of 1904 than later; if so, of course that would make 
the pounds of coal per B.T.U. rather less. If we turn those figures 
into their cash equivalent, we find that in 1904 his costs were 0°35d. per 
B.T.U. generated for coal, and I find from his evidence in another 
place that the cost of coal per B.T.U. delivered to mains, which is my 
standard, was о"3734. оп а 17°86 per cent. load factor for all his stations. 
Ours for 1905 was 0'264. оп a 13°69 per cent. load factor. Then we 
have one of the much-advertised turbine stations, Neepsend, whose 
figures for the year were published by the Electrician on the 8th of 
December last. The B.T.U. delivered into trunks were just under 
34 millions, and the load factor 15:4 per cent. The lbs. of coal per 
B.T.U. delivered into the trunks were 4:04. I will take that a little 
further. Earlier in the year that station was stated to be using Shire- 
Oak slack. I have tested that slack, and found it to have 13,000 British 
thermal units calorific value. Applying that figure to the year’s working, 
we get an efficiency of 524 thermal units per watt-hour, with a turbine 
station. We have at Bow for 1004 obtained 51°45, and for 1905, 50°96 
thermal units per watt-hour. Similar figures for English stations arc 
not available, but I will endeavour to obtain them ; I have them for some 
of the large German stations, and I hope to be able to put themallina 
table at the end of the discussion. The best of them is Berlin, which, 
as you know, has one of the biggest plants in the world, and one of the 
heaviest loads. Their coal per unit generated—I do not know really 
whether it is delivered into mains, but these German figures are all got 
out in the one way —is 3'1 lbs., and the British thermal units per watt- 
hour 38:46. "That is the best performance I have been able to find ; 
they have an enormous load and a very large load factor. I will not 
detain you by reading them now, but I have the figures for Hamburg, 
Dresden, and Frankfort, where there is one of thc turbine plants which 
have been so much advertised. The figures go to show that it is not 
a bad way of comparing the value of a station, and I certainly would 
prefer to take a twelve months' performance on that basis than a ten- 
hour test. 

Аз regards the losses in the system or the number of men employed 
in all the departments, I am sorry I cannot give them right through. 
The loss on one trunk main on a 1,000-kilowatt load is 3 per cent. 
We took a Hopkinson test of one of the motor generator sets with 
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Mr. specially calibrated instruments, but with the ordinary gear that we are 
Patchell working with every day. This was an extremely ticklish thing to do, 
because we found that varying one stop on the shunt resistances, or 
altering the brushes very slightly, varied the load considerably, the 
balance was so delicate between the two pairs of machines. When you 
have got the figures you do not quite know what to do with them, and 
the fairest way seems to be to halve the total losses between the two 
machines. When taking the Hopkinson test on a motor generator, 
the test includes two motors and two generators; to get the full 
load on the generator set the motor is overloaded, but if we 
halved the losses between the two sets, in one test we got 86 per cent., 
and in another test on rather a higher load 87 per cent. efficiency. 
At last we come to the appendix and the question of surges, which 
Mr. Duddell has thrown further light upon to-night. I hoped that 
several speakers would have dealt with those points, because I believe 
them to be of the utmost importance to the profession, and unfortunately 
very few who have any information on the subject have published it. 
I hope that others will yet contribute to the written discussion their 
experience on those questions. The figures that Mr. Duddell has put 
before us to-night are most interesting, and will be fresh in your 
minds. I do not wish to criticise them in any way, but simply to thank 
most heartily Mr. Sparks for granting the permission, and Mr. Duddell 
for bringing them forward with his lucid remarks. 

The experience of Mr. Wiithrich with extra high-tension machines 
is interesting, and it would appear that he refers to what may be recog- 
nised as two distinct sources of trouble. Unless special precautions 
are taken the switching of E.H.T. coils on to machines causes trouble 
in the coils nearest the switch, quite apart from any silent discharge or 
nitric acid effects. The trouble is due to the first few coils taking the 
shock of the sudden rise in pressure, and is almost analogous to the 
shattering of the head of a pile when a weight falls on it, so must be 
adequately provided against. The curve suggested as the standard will 
be of little value unless the machines and coils whose leakages are to 
be compared with it are tested ata uniform standard degree of dryness, 
which in the case of large machines is a condition very difficult, if not 
impossible, to attain. 

Since the paper was read great prominence has been given to the 
commercial production of nitric acid electrically in the technical press, 
and particularly in Dr. Silvanus P. Thompson’s Royal Institution 
Lecture, where the Birkeland-Eyde and other processes are described. 

The cables which failed had all been pressure-tested in the factory, 
and only failed to stand the pressure test after they were laid. They 
had not been put to work. Probably the fact that they were laid 
during a frosty winter aggravated the trouble. 

The tests referred to by Mr. Pooley would appear to have been 
factory tests, and not tests made upon long lengths of cable after they 
were laid, unless he was exceptionally fortunate in getting power 
enough at 70,000 to 80,000 volts to test the cables before the plant was 
started, and also had joints which would stand such pressures. 
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TABLE A. 
E о % в 
E 4- 
vor até |Jg | 325 
is | BES 57 
| Be | = o 
NE | 
, Newcastle-on-Tyne (Carville for | 
| 6 months ending June, 1905), 14,604,800 | 3°13 | 11,000 
Boston (Mass.) Edison .. 49,878,584 | 2:60 | 14,715 
Chicago Edison (Fisk St.) 130,175,800 | 4°50 | 10,100 
Glasgow Corporation ... 20,558,500 | 4°50 | 10,500 
. Manchester (Stuart St.) 28,189,455 | 3°57 | 13,500 
Powell-Duffryn Steam Coal Co. 4,500,000 ! 3°75 | 13,000 
City and S. London Ry. қ 6,644,331 | 441 | 11,500 
Charing Cross Co. (Bow, 1905) . 12,174,104 | 304 | 14,000 
(Bow, = 10,340,657 | 3°43 | 15,000 
Sheffield (Neepsend) 3,499,428 | 404 | 13,000 
Metropolitan E. S. Co. ' 22,711,000 | 4°64 | 11,800 
Central Co. ii 7,102,960 | 4°20 | 14,000 
County of London Co.. 11,350,000 5:50 | 11,000 
Salford - 10,066,001 . 4°37 | 14,320 
Leeds 8,436,817 | 715 | 11,000 
St. James and Pall Mall Co. 6,054,217 | 5°54 | 14,200 
| Berlin, 1905... .. 141,059,129 | 2:38 | 12,368 
London Electric Co. 14,235,423 | 400 ' 12,000 
Bradford (generated) ... 14.723,356 | 4°12 | 13,000 
Westminster Co. (generated) .. 11,610,914 | 490 | 14,394 
TABLE В. 
ч ЕЗ 5. PNE 
"E tud x2 оя оя 
Works 22 1% sel |58 Oi 
-š ; "АК | дух BE 
5 BÀ img e dns 
| Vienna, 1904 .. 45,939,840 27 , 11,938 | 32723 3572 
| Elberfeld, 1904 ... 7,200,950 3° | 12,420 | 37:20 | 2772 
Berlin, 1904 . 113,389,947 , 31 | 12,576 | 3898 | 1 
Buenos Aires, 1904 ' 32,722,381 ' 3'0 | 13,500 | 4050: — 
Hamburg S 1994 12,914,177 . 3'0 | 13,500 | 4050 | 38°6 
| 16,431,832 . 33 | 13,500 | 4455 | 299 
кыо ам 2,121,080 37 | 13,500 | 4995 | 209 
' Hamburg aa 1904 27,188,640 + 34 | 13,500 | 4599 | 284 
. Coln a/Rh., 1904 p 13,120,850 ' 39 | 12,870 | 40°33 | 378 
p Munich, 1904 ... 12,888,991 ^ 37 | 12,705 | 4723 | 242 
' Copenhagen, 1904 13,280,515 39 | 12,519 | 48°82 | 293 | 
Charlottenburg, 1904 ... sia 0,747,000 45 | 11,340 | 51°03 | 240 | 
; Oberschlesischer Industrie- 
: bezirk, 1904 е з 27,286,995 | 4'8 | 10,800 | 51°84 | 352 
Dresd | ower. 12,528,057 | 65! 8,244 | 5358 | 30°8 
| resden, 1904 Tight ... 5,404,405 72! 71500 | 543 | 229 
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The additional notes communicated by Mr. Highfield are valuable 
as filling up blanks in the history of the Willesden machines, and every- 
one will concur with him in hoping that a complete investigation of the 
whole subject may yet be. таас by some competent person. 

The publication of the data in Table A has been only possible 
by the courtesy of the engineers in charge of the various plants, to 


` whom I hereby tender my hearty thanks. The 1904 figures in Table B 


are calculated from the Tables of Statistics issued by the Vereinigung 
der Elektricitätswerke. The figures quoted in my reply are from an 
earlier volume, while those in the table are the last published. 

I thank you all, gentlemen, for the way in which you have not only 
taken part in the discussion, but for having so patiently listened to the 
reply. 

The PRESIDENT: Gentlemen, Mr. Patchell has favoured us with a 
most valuable paper—not only valuable for the information it contains, 
but on account of the thoroughly practical and animated discussion 
which it has given rise to. I am sure you will all unanimously join in 
passing him a very hearty vote of thanks for the paper which he has 
been good enough to read. | 

The vote of thanks was carried by acclamation. 
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Proceedings of the Four Hundred and Thirty-second 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
December 14, 1905—Mr. Joun Gavey, С.В., 
President, in the chair. 


The minutes of the Ordinary General Mecting held on December 
7, 1905, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following transfer was published as having been approved by 
the Council :— | 
TRANSFER. 


From the Class о, Associates lo that of Associate Members. 


James Percy Winn. 


Messrs. W. H. Molesworth and J. O. Girdlestone were appointed 
scrutineers of the ballot for the election of new members, and, at 
the end of the meeting, the following were declared to have been 
duly elected :— 

ELECTIONS. 


Associale Members. 


Courtenay Harold W. Edmonds. Howard Marrvat. 
Walter Leonard Lorkin. Harman Visger. 


Donations to the Library were announced as having been received 
since the last mceting from Messrs. Day, Davies & Hunt, Éclairage 
Électrique, A. Ferran, The High Commissioner for Canada, 
E. Raymond-Barker, G. Semenza, S. P. Thompson, Whittaker & Co. ; 
and to the Benevolent Fund from Mr. C. F. Wilkins, to whom the 
thanks of the meeting were duly accorded. 


The discussion on Mr. W. Н. Patchell’s paper was continued. (See 
page 110.) 
The meeting adjourned at 9.30 рап, 
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Proceedings of the Four Hundred and Thirty-third 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
January 11, r906—Mr. Joun Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Meeting held on December 14, 
1905, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 
From the Class of Associate Members to that of Members. 
Frank Anslow. Arthur W. Manton. 
` Geo. A. Bruce. Hugh B. Maxwell. 
H. L. T. Wolff. 


From the Class of Associates to that of Members. 
William J. Larke. 


From the Class of Associates to that of Associate Members. 


Wilfrid L. Browne. Е. О. J. Roose. 
Harry Curphey. Harold Walker. 
Henry Joseph. Arthur H. Wilson. 

From the Class of Students to that of Associate Members. 
Alfred H. Bennett. Francis H. Goodall. 
William Bradshaw. Richard P. Jephson. 
Herbert H. Clare. Albert L. Stanton. 
Clement L. Faunthorpe. Clive B. Tutt. 

Robert B. Forster. Guy L’Estrange Walsh. 
Chas. B. Franklin. Humphrey G. Wightwick. 


Messrs. В. В. Heaviside and Н. Brazil were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 
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ELECTIONS. 


As Associate Members. 


Clifford Alfred Bowen. Felix I. A. Owen. 

Douglas James Callow. John Lewis Packer. 

Henry Burden Harris. George Wordsworth Peard. 
William H. Heaton. Fritz Hubert Preedy. 

Arthur Mountain Kidd. Edward John Skinner. 

Harry Lamb. James Walter Spark. 

Andrew Forrest Miller. ‚ Ernest Sykes. 

Hopkin Morgan. William Thomas E. Wallace. 


As Associate, 


Hermann Oppenheimer. 


As Students. 
John Brodie. | Robert Shaw Miller. 
Harry Alburn Caldwell. Verner Carl Peycke. 
Herbert Reginald Denson. Robert Rankin. 
Stuart Arundell Martyn. | George B. Reveley. 


Donations to the Building Fund were announced as having been 
received since the last meeting from Messrs. I. Braby, A. Burton, 
Major P. Cardew, F. W. Clements, Col. R. E. Crompton, R. A. 
Dawbarn, L. Drugman, W. Duddell, A. H. Finlay, R. Hammond, R. 
Hardy, H. E. Harrison, A. Hay, E. Hutchinson, Captain H. B. 
Jackson, R.N., W. N. Y. King, H. W. Miller, C. W. G. Nelson, S. R. 
Roget, J. H. Rosenthal, M. Solomon, Sir J. W. Swan, H. D. Symons, 
H. W. Young; and to the Benevolent Fund from Messrs. I. Braby, 
W. C. Clinton, A. Denny, B. M. Drake, W. Duddell, E. Garcke, F. Gill, 
R. Hammond, J. S. Highfield, S. Н. Holden, Sir Н. C. Mance, С. Н. 
Merz, C. C. Paterson, H. L. Riseley, Sir D. Salomons, Bart., A. A. C. 
Swinton, F. J. Thompson, T. C. T. Walrond, Capt. К. F. Willis, J. 
Woodside, C. H. Wordingham, to whom the thanks of the meeting 
were duly accorded. 


The discussion on Mr. W. H. Patchell’s paper was concluded. (See 
page 129.) р 
The meeting adjourncd at 9.50 p.m. 
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DUBLIN LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 
PERCY S. SHEARDOWN, Member. 
(ABSTRACT.) 

November 9, 1905. 


After some consideration as to what should be the subject matter 
of the address I am ito have the honour of delivering to you this 
evening, it occurred to me that it might be profitable to try and 
incorporate in it some information given, and opinions arrived at, by 
the authors of some papers presented at the recent International 
Congress at St. Louis. 

High-tension Transformers.—Attention was drawn to the great 
development in high-tension three-phase transmission in America 
during the last few years, practically all by polyphase current, present 
statistics showing that the apparatus manufactured by the leading 
American companies for generation at 10,000 volts or higher provides 
for the transmission of 14 million H.P., whereas ten years ago there 
was but one single case of transmission of 200 k.w. at 10,000 volts, 
this by single phase. 

American-made transformers for high-tension transmission may 
be divided into two general classes—oil insulated and air blast ; the 
oil-insulated transformer being again divided into two classes—self 
cooling and artificial cooling. The self-cooling oil transformer 
requires no attention, but the capacity is limited to about 500 k.w. 
For artificial cooling. practically the only method now employed 
is forcing or syphoning water through coils of brass or copper tubes 
placed inside the transformer case below the surface of the oil. The 
air-blast transformer is not used for pressures which exceed 20,000 volts, 
the power required for cooling being usually from one-tenth to one- 
quarter of r per cent. of the transformer capacity with a pressure 
usually less than one ounce per square inch. 

American experience seems to indicate that fire risks with oil- 
insulated transformers are very considerable, but it was generally 
conceded that fires that had occurred in transformers had generally 
originated outside the transformer, and were not due to failure of the 
transformer coils themselves, it being strongly advocated that oil 
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transformers should be placed in fire-proof apartments by themselves, 
and completely isolated from the rest of the station, so as to remove 
them as far as possible from the danger of being ignited from outside 
sources. It was also pointed out that with naturally cooled oil trans- 
formers there was no advantage in ribbing the inside of the cases, as 
practically the whole of the heat potential drop is between the outside 
surface of the iron and the air in contact with it. 

A good deal of time at the convention was spent with papers 
dealing with extra high-tension long-distance transmission. One of the 
most interesting papers was by Professor F. G. Baum, who has under 
successful operation in the district of the Sierra Nevada mountains of 
California a transmission scheme which had apparently been opera- 
ting without experiencing the troubles found on many other similar 
lines in other parts of the country. The paper stated that the system 
described had continuously in operation about 700 miles of line at 
50,000 volts, 70 miles at 40,000 volts, and a great many miles at 
23,000, 16,000, 10,000 and 5,000 volts, and mentioned that in a short 
time some of these lines would be operating at 60,000 volts. Professor 
Baum's practice was to generate at 2,300 volts and then step up. 
They had practically no trouble with their transformers, even where 
the pressure was raised as high as 80,000 volts. With regard to 
switchgear, they found that the oil-break switch was the only one that 
would stand heavy duty at the high pressures dealt with, and that this 
type is less likely to produce violent surging on opening a circuit than 
has been experienced with the flare type of air-break switch. Рго-. 
fessor Baum considers that the weak point of the transmission system 
is the insulator, and that with an insulator to stand 100,000 volts, in his 
opinion this pressure 1s possible. 

Storage Batteries.—With regard to storage batteries, the opinion 
of American station engineers has completely changed within the 
past few years, statistics showing that in 1894 only two large stations 
had batteries, the total capacity being 938 kilowatt-hours. In 1904, 
22 generating stations, 68 substations, and 8 exciter batterics had been 
installed, with a total capacity of 124,242 kilowatt-hours. As 05 per 
cent. of these storage batteries have been installed by one firm of 
makers, there is naturally not much difference in design. The revers- 
ible booster which is in English practice now nearly always installed 
instead of regulating cells, is practically unknown in the States, and 
strong comment was made on this by English engineers in the dis- 
cussions on storage batteries. Its non-introduction into America is 
probably due to the fact, as stated, that the battery trade is practically 
in the hands of one firm ; the ostensible reason put forward by American 
engineers is that they place so much faith in their storage batteries, in 
case of temporary failure of their other plant, that they do not like 
jeopardising this safety by adding to it a piece of rotating machinery. 

Wooden diaphragms are now often inserted between the plates as 
separators in place of the glass tubes hitherto generally used. Not 
only is this type of separator effective in preventing any possibility 
of short circuits forming between the plates, but it is claimed that the 
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capacity of the batteries has been very much increased since these 
wooden diaphragms were installed. The diaphragms affect only the 
negative plates, it having been proved that, after a short time in use, 
negative plates often gave only 80 per cent of their guaranteed 
capacity. On the other hand, where the wooden diaphragms had been 
inserted in place of the glass separators, in three weeks’ time they could 
get from 110 to 115 per cent. rated output, so that the life of the 
negative plates was increased by at least two years. 

With reference to the electric lighting of large cities, the almost 
universal system is to generate at the power-stations three-phase 
alternating current at pressures of about 6,600 volts, and transmit at 
this pressure to substations placed fairly close together, which feed 
direct into the low-pressure direct-current network usually through 
rotary converters, although motor generator sets are sometimes to be 
found. The low-pressure direct-current system is usually three wire, 
with from 210 to 220 volts across the outers. The lamp known in 
America as the double-voltage lamp had made no headway there, as it was 
claimed that the greater efficiency of the low-voltage lamp more than 
compensates for the interest on the additional copper required ; but it 
should be noted that in America it is usual to include the supply of 
lamps and renewals in the charges made for electricity, and it is also 
stated that in a 220-volt pressure network fed by high-tension rotary 
converter substations the copper required in the network is no greater 
than in a 440-volt system when fed direct from one generating station, 
as in the former case it simply means dividing up the substation 
machinery into more substations, so as to feed at more numerous 
points into the network. 

The American standard lamp is 16 C.P., operating under a strict 
guarantee at 371 watts per candle. 

Steam Turbines.—Some important papers оп steam turbines were 
discussed, and although it was admitted that up to the present the 
best steam efficiency shown by turbines had not exceeded the best 
steam efficiencies recorded with reciprocating engines, the very 
important fact was emphasised that whereas the best steam efficiency 
of the reciprocating engines is confined to practically one load, 
the efficiency dropping off very rapidly on each side of this most 
economical load, with the turbines the efficiency curve was com- 
paratively speaking flat. The efficiency given for а 750-k.w. 
turbine at normal full load was 11°79 lbs. of steam per B.H.P.H.; at 
24 per cent. overload, 11:42 lbs. of steam per В.Н.Р.Н.; and ді per 
cent. overload, 11:5 lbs. of steam per B.H.P.H. A great future was 
predicted for steam turbines as auxiliaries to existing plants, due to the 
fact that the steam turbine works most efficiently with a steam pressure 
lower than that with which the reciprocating engine can deal. Atten- 
tion was also drawn to the great increase in efficiency which could 
be obtained with existing steam plant by arranging the engines to 
exhaust into a low-pressure turbine, driving a generator working in 
parallel with the plant driven by the reciprocating engines, and then 
allowing the turbine to exhaust into a high vacuum, It is claimed Шак 
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the output at many large existing stations could be increased as much 
as 30 per cent. without any increase in the fuel consumption or altera- 
tions in the boiler plant. 

In connection with the steam turbine another considerable economy 
might be obtained by the utilisation of waste heat from gas-engine in- 
stallations. The best gas engines turn about 20 per cent. of the heat of 
the fuel into useful work ; the remainder is lost either in the exhaust gases 
or in the heating of the water to jacket the cylinder and other parts. 
Mr. Emmett points out that it should be possible to pass the exhaust 
gases through tubes to low-pressure boilers fed by hot water which 
had passed through the jackets of the engines. These boilers could 
then deliver steam to simple low-pressure turbines with suitable 
condensers, 
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GLASGOW LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 
JOHN M. M. MUNRO, F.R.S.E., Member. 
(ABSTRACT.) 

November 14, 1905. 


In thanking the members for the honour conferred on me by 
electing me as Chairman of this Section, it occurs to me that perhaps 
the choice of a chairman has been somewhat influenced by a desire to 
recognise the early work of the pioneers of the Electrical Engincering 
Industry in Scotland. My thoughts first turned, therefore, naturally, 
towards these early days as providing a subject for an address. But 
instead of recording my own personal experiences, it seems to me that 
the city in which we meet suggests a subject. Glasgow has a world- 
wide reputation for corporate enterprise, and I will speak therefore of 
the development of electricity in Civic Service. і 

The Corporation Gas Bill of 1882 proposed to take powers to supply 
electric light in Glasgow, but the clauses were deleted before going to 
Parliament. The Miller Street station of Messrs. Muir, Mavor & 
Coulson was opened in 1884. ‘Messrs. Anderson & Munro's under- 
taking—the Kelvinside Electricity Company, Limited—was incorporated 
in 1889. The first Corporation supply station, Waterloo Street, was 
opened early in 1893. 

The first electric traction line was opened in October, 1898, 
and the whole Glasgow tramway system was electrically driven 
by 1901-2. There are now fully 700 cars, and over 150 miles of 
track. The total capital expenditure equals about £2 155. per 
inhabitant of Glasgow, and every man, woman, and child takes about 
200 journeys a year at a cost of about r5s. each. (The population of 
greater Glasgow is 1,000,000.) Notwithstanding the triumphs of 
electric tramway traction, many of its problems still remain for solution. 
It is still impossible in Glasgow to recover much of the energy spent 
in stopping for helping to start a car. Mechanical appliances have 
been devised for this, but good electrical ones are now on the market. 
The problem of an elastic service adapting itself fully to the varied 
demand of the time of day and year is yet unsolved. Congestion of 
traffic will compel the city to add overhead or underground routes. 
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The energy generated at the various generating stations has 
increased from about 408,000 units in 1893 to over 44,000,000 units in 
1905. 

The following figures refer to the year 1904-5. Gas figures аге 
added mainly because they affect the question of coal, and may yet be 
otherwise closely related to the subject in hand. By useful units, I 
mean the kilowatt hours sold by the electricity department, or issued 
from tramway substations for traction purposes and lighting of cars :— 


س M‏ — س ل س M——‏ —— --- مو ر ае ч‏ 


Operative 
and Kilos 
Units Useful | Incidental | Maximum, Tons of 
Generated. Units. Losses. Load. Coal. 
E = Electrical department = 20,340,556 - M ae 47.350 
E bought from T... "EL 1,243,532 
21.584.088 | 18,248408 | 154% 13.437 
Т = Tramway department = 23,918,863 ia re 8,517 35,267 
| T sold to E ... ... = 1,243,532 ог 
| 
| 22,675,331 | 17,951,961 | 20%% 6,300 | 
| Combined totals "2 44 259,419 | 36,200,429 Vas 19 737 82,623 
Cubic feet of gas generated... | 6,449 539,000 54 “з “+ 680,235 
Total tons of coal... 97 aad - “ts E | 762,858 


سم م اسم اس ندا .—--— ا 


The load factors, stated as percentage, work out at, for tramways, 

41 per cent. excluding current sold to E, or, including this, at 30'8 per 
cent., and for the electricity department on total amount generated, 
including current bought, = 183 per cent. Coal per useful unit (plus 
and minus amount sold by T to E) comes out at, for tramway depart- 
ment, 41 lbs. coal per useful unit, and for electricity department, 
6-2 lbs.—a coal difference doubtless due to such factors as larger plant 
units, smaller stand-by losses, more regular hours of load, and, in 
smaller degree, to other points of difference of load factor. For, of 
course, the chief effects of load factor come in in the standing charges. 
I made out the probable corresponding figures for coal for the year 
1015. As по two men would quite agree оп the effect of the various 
factors which may and must influence a prolongation into the future of 
the curves of rate of past increase, I do not give details of the resulting 
figures. Improvements in generating methods and in the efficient use of 
the energy, tend in themselves to lower the total consumption. Increase 
of population, of trade, of money, and of new applications of electrical 
energy, tend towards increase. The figures seemed to suggest, however, 
a total coal consumption, in 1915, for electrical purposes, of some 200,009 
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tons, and for gas, of 560,000 tons—a figure which might be much 
increased if a very cheap gas were greatly used for heating purposes. 
Much of the gas coal is necessarily derived from special sources, but 
it may be of interest to state that the annual output of coal of the 
Lanarkshire coalfields is 17,000,000 tons. It has been estimated by 
some that this rate of output could be continued for a hundred years 
or thereby. 

These figures raise several questions of policy primarily applicable 
to large cities, 


а. Ought the production of electrical energy to be combined 
under one management distinct from the great departments 
which have to do with its sale, general distribution, and use 
for traction, light, power, etc. ? 

b. Ought these great coal-burning undertakings to have their 
works outside the city proper? 

с. Ought a great city to do with coal as most have done with 
water—that other great necessity of life—acquire their own 
coalfields as they have acquired their mountain lochs and 
water-gathering areas? 


If transmission of producer gas at high pressure were found to be 
as economical as electrical transmission of power, we may yet have 
the gas department responsible for the supply of fuel to the power 
station when gas engines are used. 

[Figures relating to the efficiency of gas transmission were quoted, 
and suggestions made regarding the generating of gas under high 
pressure, and its delivery at high pressure to gas engines. ] 

As to the use of water-power, the city water supply can yield only 
18 theoretical horse-power per foot of effective head. The reservoirs 
give only the head required for other purposes; while the great con- 
duits from the Highland lochs were “іп train," and could afford no 
external power. 

With regard to the utilisation of power from refuse destructors, 
while it might be wise to use their heat for the generation of electrical 
energy in small towns, the site and arrangements of the power stations 

of a great city could only be affected disadvantageously by modification 
to the requirements of refuse destruction. Yet the refuse of Glasgow 
might be capable of yielding 5,000 B.H.P. for 18 hours a day for six 
days per week. And destructor steam production is most economical 
when it forms part of a much greater steam generating plant. 

The spread of car lines outside the city is pregnant with sugges- 
tions of coming change. If city cars run to Paisley and Johnstone, 
why not to Edinburgh and Kilmarnock ? 

If the Imperial Government found it necessary to take over all civic 
telephony because towns needed interconnection, and country districts 
desired telephonic facilities, how much more, on the like principles, 
will they desire to take control of traction in and between towns? Will 
the electrification of main line railways, too, thus be after all a Govern- 
ment undertaking ?. 
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Again, if the great District Electricity Supply Companies prosper as 
they hope, will not the time come when their power over trade in 
general may be too great, and the disadvantages of competing systems 
too glaring, so that agitation will arise for their absorption by Local, if 
not by Imperial, Government ? 

In conclusion I may perhaps be permitted to make some sugges- 
tions regarding the policy of the Institution in respect of Local Sections. 

By the familiar words “ The Parent Institution" we recognise— 
and with pride—the filial relationship of this Local Section to the dis- 
tinguished body of which we form a part. We are all members first of 
the Institution of Electrical Engineers, and secondarily of the Local 
Section. Now when any body begins a process of sclf-subdivision, 
there are two dangers to fear. One is that the parts may become 
wholly separate and distinct, with risk of unfriendly rivalry ; the other 
is that subdivision may go on indefinitely until the sections becomc 
small, weak, and insignificant. Few will fear the former risk; the 
avoidance of the latter will be the result of a wise policy. For such a 
policy we may fully trust the General Council of the Institution. 

The Glasgow Section may almost be described as the Scottish Sec- 
tion. But the narrower name has been chosen meantime so as to kcep 
open the question of further subdivision. The number of men eligible 
for Membership, or Associate Membership, of this Institution will 
vastly increase. Not only so, but just as every electrical ought to be also 
a mechanical engineer, every mechanical will soon have to be also an 
electrical engineer and interested in electrical affairs. A section formed 
in Edinburgh would be soon followed by one in Dundee, Aberdeen, 
and Inverness, and these by Perth, Galashiels, and these by others, 
until every town and even village had its section meeting locally for 
discussion. 

It appears to me, however, that subdivision on the lines indicated 
would so reduce the influence and importance of Local Sections 
as to impair the efficiency of the Institution as a whole. Even the task 
of selecting a few papers for publication would become burdensome. 
The best papers would be reserved for London. Most of them would 
be unprepared or left unread. It would not be worth while for a cap- 
able and busy man to prepare a paper for a little section, knowing that 
probably the paper would be crowded out of publication. In the end 
only the minor men would trouble to attend local meetings. 

The supreme government of all the sections, and subsections, if any, 
would vest in the President and General Council as now. These would 
decide also the number and place of general or united meetings, if any. 
I suggest two annually—one in London and one in a provincial centre 
inturn. To such a small number of united meetings one might hope 
many members could go. 

It appears to me that such a policy would add to the dignity and 
influence of the present local sections, attract the best local men to 
their meetings, and give their members something real to labour for 
and uphold. 

The frequent and healthy desire for very local meetings could be 
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met by the formation of subsections under the control of the section 
in whose area the meetings were held. The organisation of such sub- 
sections would be of the simplest, and papers read and discussed 
thereat for the interest and mutual improvement of those attending 
would not be deemed to be read before the Institution. 

Gentlemen, I end as I began, by invoking your assistance to uphold 
. the usefulness and promote the efficiency of this Local Section of the 
Institution of Electrical Engineers. 
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LEEDS LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


A. B. MOUNTAIN, Member. 
(ABSTRACT.) 


October 25, 1905. 


I have thought that it may be of interest to you if I refer briefly 
to the development of electricity supply undertakings during the last 
ten years, with some conclusions which, I think, may be drawn from 
the approximate figures I shall place before you. 

At the end of 1894 there were 60 undertakings, with a capital 
expenditure of £6,107,680 ; at the end of 1904 there were 445 under- 
takings, with a capital expended of £61,961,313. 

The consuming devices reduced to the equivalent of lamps con- 
nected іп 1894 numbered 2,031,398; and at the end of 1904, 
19,971,435. 

The units sold in 1894 numbered 30,203,766, and in 1904, 
448,078,057. 

The average price obtained per unit sold in 1894 was, by Companies 
608 pence, and by Municipalities 5°32 pence; in 1904 the average 
price obtained by Companies was 3:9, and by Municipalities 2:7. 

These figures are an indication of the progress made in ten years, 
the capital expended and lamps connected having each increased 
proportionately by ten times, and the units sold by nearly fifteen times, 
while the price obtained has decreased by 48 per cent.; but interesting 
as these figures may be as a summary of the result of ten years, they 
are much more interesting if we try to appreciate the condition of 
things at either end of the period under consideration. 

In 1894, the difficulties surrounding the erection of an electricity 
works and the selection of the best system of supply were very con- 
siderable. The uncertainty that such works would prove financially 
successful or were likely to grow to the extent they have done forced 
engineers to plan the works upon much too small a scale, but even if the 
desire to erect larger generating plant had been there, it was practically 
impossible to obtain reliable and economical plants of large size. In 
addition to these difficulties, the selection of the system of supply was 
very much a choice between two evils: if an alternating current 
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system of supply was adopted, motive power developments were a 
matter of hope only; whereas if direct current was selected, owing to 
the low pressure then generally in use, the cost of distribution over 
large areas was prohibitive. 

The result was that most of the works constructed at this time 
were planned upon a small scale, with small generating plants in some 
cases placed in most unsuitable positions ; the mistakes, if such they 
were, һауе in most cases been recognised, апа extension has been 
made upon sound lines, with generating plant of much greater capa- 
city ; still, the original errors have added largely to the capital 
expended. "This explains to some extent why the capital expenditure 
has increased at the same rate as the lamps connected ; if we consider 
at what cost we can put down works at the present time to meet our 
present requirements, we find that by providing large generating plant 
our capital expenditure upon our works would be reduced by about 
50 per cent. and that we are able to provide distributing mains at a 
cost of about 20 per cent. less than in 1894 ; and owing to the fact that 
the pressure of supply has been doubled, such distributing mains will 
now supply four times the number of lamps. It is therefore difficult to 
understand why the capital expenditure and lamps connected have 
increased at the same rate. The explanation is probably that the 
extension of works and mains has been carried out upon extensive 
lines to meet future requirements, and if, as I think, this is so, then 
further lamp connections should improve to a very large extent the 
results we have obtained from our undertakings. 

As an actual fact I find the total capital expended upon an under- 
taking with which I am connected per 8-c.p. lamp was, іп 1894, 63; 
it is now ЖІ 5s. Id. 

The question of depreciation, which is of great importance to the 
numerous Electric Supply Companies, has not received the attention it 
should have done. Municipalities are compelled to repay their loans 
within short periods, and have already either repaid or accumulated 
for repayment very substantial sums. If we venture to look forward 
say fifteen or twenty years, a comparison between the results of the 
working of Companies and Municipal undertakings will be entirely in 
favour of the latter, because the interest and sinking fund charges 
represent approximately half the total expended upon revenue account, 
and if the capital is repaid, these charges will not exist. The result 
will be that the Municipal undertakings will be able to reduce the price 
charged per unit by approximately one-half, whereas, unless the 
Companies make more substantial provision for depreciation, their 
charges will have to be maintained, or the profits reduced. I do not 
wish to convey the impression that I think the amount annually con- 
tributed by Local Authorities to the sinking fund is sufficient provision 
for depreciation. They are allowed by Parliament to accumulate profit 
to the extent of one-tenth of the capital expended, and this should 
certainly be done before large sums are handed over for the relief of 
the rates of those who do and those who do not use electricity. 

Perhaps the most interesting part of our results consists of the 
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figures relating to the average price obtained for the units of energy 
sold; we find the charges have been reduced by Companies to the 
extent of 271 pence per unit, and by Municipalities to the extent of 
27 pence per unit, and we also find the natural result that the units 
sold have increased more rapidly as the price has been reduced. 

The reductions in the cost of production have been due to improved 
load factors, caused by the introduction of electric traction, to the 
general adoption of electricity for motive power purposes, and the 
increased consumption for lighting purposes due to reduced charges, 
to the division of standing charges over an enormously greater output, 
to the great improvement in economy due to the use of larger generat- 
ing plants, and to the general improvements in other departments, 
including that of management. 

From the consumers’ point of view the results should be considered 
satisfactory ; if the latest type of lamps has been adopted, not only are 
they obtaining their energy for lighting purposes at approximately one- 
third the cost, but with the same quantity of energy they may obtain 
practically double the amount of light, which is equivalent to a total 
reduction of 66 per cent. 

The conclusions which I think may be drawn from this very brief 
glance at the progress of electric supply undertakings arc, that greater 
care must be exercised in the expenditure of capital, that the introduc- 
tion of large generating plants will lead to ultimate economy and will 
enable us to compete with the comparatively small engines employed 
for driving factories, and that reduced charges will still further 
enormously increase the output of energy for both lighting and motive 
power purposes, if we by exhibition or other practical demonstration 
show the actual advantages to be derived from the use of electricity. 
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MANCHESTER LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


S. L. PEARCE, Member. 
(ABSTRACT.) 


November 17, 1905. 


I propose at this, the opening meeting of our session, to touch 
briefly on some few of the recent advances made in electrical work 
generally, and incidentally to indicate some of the problems that yet 
await solution. The past year has not produced any revolutionary 
changes in the sphere of electric lighting, but spurred on by the com- 
petition from the gas industry, improvements have been made which 
tend to the cheaper production of light. The Nernst lamp has been 
more extensively adopted for inside lighting, and in many cases has 
been able to compete successfully for side street lighting with the 
incandescent gas mantle. The original form of this lamp, known as 
the “A” type, with vertical glower, up to quite recently proved the 
most satisfactory, and it is questionable whether it is likely to be super- 
seded by the latest, or “ D,’ type, which employs an enlarged spiral 
burner, supported in a horizontal position, and giving-about 75 candle- 
power with an energy consumption of about 115 watts. The distribu- 
tion of light from a horizontal burner is hardly as satisfactory, from a 
street lighting point of view, however suitable this type may prove in 
more confined situations. Want of uniformity is still a failing with 
Nernst lamps, and this is most apparent in the life of the burners, and 
is also noticeable in the rate at which the candle-power falls off. 
Owing to the burners being largely composed of magnesia salts, 
which have an affinity for moisture, it must not be overlooked that 
electrolytic action will be set up in damp atmospheres and will account 
for the great percentage of burner failures in wet weather. 

The most striking development in the production of a more efficient 
incandescent lamp is the tantalum, which may be now taken as having 
successfully emerged from the experimental stage. The lamps are 
made in voltages from 50 to 120, burning in series or single parallel. 
A recent series of tests shows that the filament of a tantalum lamp 
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increases іп resistance with an increase of voltage, and therefore 
increases with the current and temperature. This is an important 
point of difference between this form of lamp and the ordinary carbon 
filament. Consequently variations in voltage do not have the same 
effect in the increase of candle-power emitted—speaking roughly, it 
requires twice the amount of change in voltage applied to the tantalum 
lamp as the carbon filament lamp to produce the same change in 
candle-power. Fitted with clear globes, an energy consumption of 
r7 watts to 1:84 per mean horizontal candle-power and 272 watts to 
2747 per mean spherical candle-power was obtained. The c\stribution 
of light in a horizontal direction is remarkably uniform, and is in excess 
of that given by a carbon filament lamp, but in an end-on direction is 
les. The percentage of candle-power emitted end-on to that emitted 
in a horizontal direction in the case of the tantalum lamp is approxi- 
mately 30. The useful life of these lamps and the reduction in light 
emitted do not differ materially from the ordinary carbon filament 
type, and the power taken during the life of the lamp is practically 
constant. Tantalum lamps having a 25 per cent. lower efficiency than 
those just described, with a reduction of some 35 per cent. in light 
emitted, have been produced to give a useful life of double the number 
of hours of burning. 

Of the same order may be mentioned the osmium lamp, with an 
even lower energy consumption, which, as soon as the initial difficulties 
in cornection with the weakness of the filaments have been overcome, 
will mark a similar advance in the production of a more efficient 
incandescent lamp. 

The mercury vapour lamp has not met with much favour so far in 
this country, and the progress made in its development is so small that 
it can hardly be said to have emerged into a practical stage. Attempts 
have been made to add some red rays, but apparently with little 
success. А very rapid falling off in the candle-power is noticeable 
after a comparatively few hours of burning, which may be partly due 
to the deposit which is formed on the inner surface of the tube. From 
the point of view of mere efficiency the various forms of the mercury 
vapour lamp mark a distinct advancement, their radiation efficiency 
being five to six times that of the carbon filament lamp. 

In the arc-lighting world manufacturers have chiefly given their 
attention to the improvement of the “enclosed” arc and the develop- 
ment of the “flame” arc. In the case of the former the absorption of 
light due to the use of a second or outer globe, and the resultant 
reduction in efficiency, has been responsible for the production of the 
type known as the single enclosure. Such a step has meant that the 
" enclosed " lamp will possess many of the good points of the open arc 
whilst retaining the special advantages pertaining to the closed type. 
The practical convenience of having a lamp capable of burning for at 
least 120 hours without renewing the carbons is obvious, and must be 
of great commercial value. A further result of the enclosure of the 
carbons is found in the lengthening of the arc, whereby the lamp can 
be made to take a much higher voltage across the arc, and no difficulty 
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is now experienced in running enclosed arcs singly on 200-volt 
circuits. 

The improvements that have brought the “flame” arc into its 
present state have been directed chiefly towards simplifying the 
feeding devices and to the manufacture of the electrodes. These 
lamps have their carbons arranged either parallel or inclined towards 
each other instead of vertically above one another as usual, the arcs 
burning under a reflector, being usually controlled by magnetic 
influence so as to direct the light to the best possible advantage. The 
early defects of the feeding mechanism in this class of lamp, so as to 
keep the arc in a fixed position under the reflector, were responsible 
chiefly for the unsteady and unsatisfactory light that was produced. 
The impregnation of carbons with calcium, magnesium, or other salts 
has received considerable attention of late, and many forms of elec- 
trodes of a composite nature have been devised with the object of 
securing the steadiness of the arc, the lessening of the rate at which 
they are burnt away, the elimination as far as possible of the noxious 
vapours that are given off, and a lower first cost. One of the main 
objections to the “flame” arc is the fact that it does not admit of 
being enclosed, although efforts are being made to partially secure that 
end by the employment of magazines which shall contain sufficient 
carbons to obtain 50 hours of burning. The perfect magazine lamp 
has been coming for a long time ; whether present-day manufacturers 
will meet with any better success than those who have previously 
attempted is an interesting point. The outlook, however, is distinctly 
promising. 

Mention may be made of the interesting lamp known as the 
magnetite, which has been brought forward in America, wherein 
black oxide of iron is used as one of the electrodes, the other or upper 
electrode being of copper of such a section that the heat developed is 
conducted away as fast as it is generated; the copper, never getting 
very hot, therefore does not burn away. The light is emitted from the 
magnetite vapour formed, and the rate at which the lower electrode 
burns away is іп. per hour. Various salts are added to the magnetite 
electrodes for the purpose of increasing their life, and it is said to be 
possible to obtain a life of 500 hours with an 8-in. electrode. 

The application of the intensified or high-pressure system of gas 
lighting has found favour in many quarters, and is a competition that 
has to be seriously faced. We had an example of this only recently in 
London, when tenders were invited for the lighting of the new 
thoroughfares of Kingsway and Aldwych. With this exception, 
however, no town of any size appears to be reverting to gas as the 
result of definite comparative tests between the two rival systems. 
On the other hand, lighting by electricity is considerably on the ` 
increase. Special mention should be made of the present lighting of 
Fleet Street, London, by gas, but it is clear that this change is made 
only as an experiment, and cannot be possibly regarded as a case of 
the supersession of electricity by gas. Against this may be set the 
fact that the Westminster Council, after conducting. extended come 
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parative tests between arc lighting and the high-pressure gas systems, 
have entered into contracts for a considerable period for street lighting 
with the electrical supply companies. 

One other point touching on this question of street lighting. On 
analysing some of the published returns for electrical street lighting it 
will be observed that with a system of open arcs the cost of current 
may be taken as varying from 5o to бо per cent. of the total charges, 
and the cost of the carbons, trimming and general maintenance the 
remainder. With a system of “single enclosure” lamps it has been 
found that the cost of current is some go per cent. of the total, the 
maintenance and other charges amounting only to some то per cent. 
It is pretty evident, therefore, that any system giving long hours of 
burning has a great commercial value, and it is to be hoped that this 
may be capable of extension to “flame” arcs by the successful develop- 
ment of the magazine lamp. 

Turning to the application of electrical power for industrial pur- 
poses we find that very considerable progress has been made during 
the last year. The Yorkshire Electric Power Co., the Lancashire 
Electric Power Co., the Clyde Valley Electric Power Co., and the Fife 
Electric Power Co. have commenced operations, and others will 
shortly follow. It is noteworthy that of the four new companies thc 
three former are employing three-phase systems operating at 10,000 
and 11,000 volts, and the latter a two-phase system at 3,000 volts. 
Nor have the larger municipalities been behindhand in the develop- 
ment of a power load at cheap rates, assisted by such means as the 
hiring-out system of motors and the “restricted hours supply" system 
at very low rates. It may, perhaps, be of some interest to state that 
in this city at the present time there is in use some 11,000 Н.Р. in 
motors, and the power sales for last year show an increase of 75 per 
cent. over the preceding year. 

The adoption of electrical transmission of power for textile factories 
is a problem that more closely concerns us in this part of the country ; 
but on account of the more favourable conditions for operating with 
steam plants, little progress has been made. This is certainly a matter 
for some considerable surprise in the light of data obtainable from the 
States and the Continent, where textile factories have adopted electrical 
driving extensively. On the other hand it must be admitted that if it 
be possible for a cotton mill, equipped with steam plant, to operate 
at a total cost not exceeding £2 105. per I.H.P. per annum, it would 
be dificult from the point of view of economy to show much better 
figures than these, and some very cogent reasons in favour of electrical 
driving must be advanced before millowners can be expected to 
adopt it. 

For transmission lines the use of bare copper wires has been 
sanctioned in the case of three or four of the power companies, and 
incidentally it may be stated in passing that one of these—viz., the 
“North Wales,” avails itself of the use of water power, and will there- 
fore form one of the very few examples of hydro-electric installations 
in this country. It is also of interest to note that this company, 
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together with the Gloucestershire Power Co., were the first to obtain 
Parliamentary powers to use overhead bare conductors. Taking a 
6,000-volt transmission line, the cost of running three-phase mains 
of any given section overhead would be approximately one-half of 
an underground main of the same section. For a 12,000-volt trans- 
mission line the proportion would be roughly one-third only. It is 
evident, therefore, that this factor will have an important bearing on 
capital costs and the question of cheap supply of power. Long- 
distance power transmission work with its corollary of extra high 
voltages has not made much advance in this country up to the 
present, the highest pressure employed being 11,000 volts. 

Although the last two or three years have witnessed a considerable 
reduction in the cost of production of electrical power on a large scale, 
electrical engineers should not be unmindful of the fact that there is at 
the present time an increasing competition for the cheap supply of 
power for smaller or isolated plants. For plants using up to 200 to 
300 B.H.P. suction gas-producers and Diesel engines will prove keen 
rivals owing to their low fuel consumption. The cost of the latter per 
B.H.P.-hour in the case of a suction-producer has been stated to be 
only one-half that of Mond gas at, say, 2d. per 1,000 cubic feet. This 
saving will, however, be discounted in the case of the producers if the 
plant is subject to a variable load or run for considerable periods much 
below full load. ! 

It will be conceded that where it is necessary and convenient to 
transmit all the power required from one point in any works, and 
under conditions that call for a steady load, the suction gas plant may 
be the more economical. But modern users of electrical power find it 
more economical and convenient to dispose of their power at certain 
specified points, so as to eliminate transmission losses and secure 
independent running for the various part of their factories. Then 
the only fair comparison to be made is between a motor-driven factory 
taking a public supply of energy and a similarly-equipped motor-driven 
factory taking a supply from its own private gas plant, and it can be 
shown then that the costs of production do not widely differ. But 
these are not the only considerations to be taken into account. "There 
are the questions of ground space for the private plant, the expenditure 
of relatively large sums on same, the ability to run any particular 
portion of a works on overtime without running the whole generating 
station, which in the case of a suction plant running at anything under 
half load would certainly be the reverse of economical. 

A steady growth in electric traction work can still be chronicled, 
and some idea of the extent to which electric tramways and light 
railways have developed may be gathered from recent published 
returns, which go to show that the increase in capital invested in 
these undertakings for the last recorded twelve months over the 
preceding period is represented by no less a sum than £25,000,000, 
and the total capital invested in electric traction stood at the end of 
1904 at the figure of £107,000,000. 

The series-parallel system of control up to recently was the only 
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one adopted successfully, but considerable developments have taken 
place of late in the introduction of systems embodying the principle 
of “regenerative control.” It may be taken that the possibility of 
economising expenditure both upon energy and upon wheels and 
brakes by the use of the “regenerative principle” has been fairly 
clearly demonstrated, these savings being proportionate according to 
the undulations of the routes served. Further, the variations in the 
power taken by each car are not so great as with the scries-parallel 
system, and therefore a better load factor will be obtained at the power 
station from a system operated “regeneratively.” The outstanding 
matters on which engineers do not appear at present to be agreed 
are reliability, maintenance, and whether such systems are as favour- 
able for “acceleration” or hill-climbing capabilities as the “ series- 
parallel.’ 

The conversion to electric traction of the Metropolitan Under- 
ground Railways in London has becn опе of the outstanding features 
of this branch of the industry during the last year, and numerous tube 
lines are in course of construction, all of which work has up to the 
present been carried out in the composite system, first initiatcd in this 
country by the Central London Railway Co., employing three-phase 
current in the line transmission and direct current on the motors. 
This system may be good enough for tube and suburban lines, but 
most engineers are agreed that it will not solve the problem of main 
line working. The alternative to the composite system hitherto adopted, 
but of which there is no example in this country—viz., thrce-phase 
currents stepped down from the pressure of the transmission lines and 
supplied to three-phase motors—has given satisfactory results in a good 
many places on the Continent, notably on the Burgdorf-Thun, Valtellina 
and Berlin-Zossen lines under the conditions to which it has been 
applied. 

The impetus to this movement was unquestionably given by Finzi’s 
experiments in Milan in 1903, and since that date there has been con- 
siderable activity displayed in Germany and the United States towards 
the development of the single-phase commutator motor, which in its 
perfected form is expected to help forward greatly the solution of the 
problem of main line working. This theory appears also to have 
appealed to one or two of the British manufacturing firms, who are 
now tackling the problem on similar lines. The question of a standard 
railway motor is of the utmost importance, and unquestioned advan- 
tages would result from a single-phase system as regards chiefly 
economy, reliability and simplicity of the track construction and rolling 
stock. As far as the motor is concerned, the essential qualifications 
may be taken as: (1) Ability to give a large starting effort ; (2) power 
to vary the speed through wide limits ; and (3) they should return 
energy to the line when coasting or stopping. 

Recent developments of the series compensated single-phase motors 
have made them equal to direct-current motors as far as the first point 
is concerned, and by the introduction of a transformer between line 
and motor, with variable ratio of transformation, thus giving a means 
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of regulation between fairly wide limits without serious waste, the 
second requirement is satished. For long lines with no sevcre gradients 
and few stops the third point is not of great importance, but for short 
suburban lines it is of considerable moment, and up to the present this 
condition is not met by the single-phase motor. Although the work 
which has been done with one-phase commutator motors has been 
largely of an experimental nature and on experimental lines, the 
present year has seen the putting into operation of the first single- 
phase electric railway in the States, and it is understood that one of 
the English railway companies has decided on applying the same 
system to a portion of one of its suburban lines. 

Central station engineers are gradually coming to recognise more 
and more the value of steam turbine plants. The more extensive 
adoption of these plants, the larger sizes of units used, on which so 
much emphasis has of late been lgid in the technical press, mark the 
chief progress of power-station developments. Mention may be made 
of some extremely good steam-consumption tests that have recently 
been made. With units of 3,000 k.w. capacity, 15 lbs. to 154 lbs. of 
steam per kilowatt-hour at full load and 16°75 at half load have been 
obtained. It is interesting to note, further, that steam-consumption 
trials conducted on turbines after having been at work for extended 
periods give results which show no falling off in efficiency from the 
results obtained on official tests. This is a point concerning which 
some doubts have been hitherto expressed.  Reciprocating sets are 
still being built in larger sizes, but it is not surprising to note that the 
general trend is all in favour of the adoption of turbines, especially for 
large units. 

The past year has marked a development in the design and manu- 
facture of turbine-driven continuous-current generators. It is not so 
very long ago that the difficulty of solving in a satisfactory manner the 
commutation problem was considered a barrier to their adoption. 
With high speeds it is impossible to keep down the reactance voltage ; 
with slow-speed sets, on the other hand, carbon brushes fulfil all the 
necessary requirements, and special means for counteracting the 
armature reaction are not necessary. Two methods are in vogue 
successfully to-day for compensating the armature reaction on high- 
speed sets: (т) Compensating coils wound in slots in the pole-pieces, 
thus neutralising the armature effect on the field ; (2) auxiliary or 
commutating poles arranged between the ordinary poles. Both 
systems have given satisfactory results in practical operation, and 
whilst the latter is the more mechanical arrangement, the former has 
advantages from an electrical point of view. Another departure from 
generally accepted practice has been made recently in the use of 
carbon brushes for turbine-driven generators. Engineers have been 
generally familiar with the wire brushes and serrated commutators, 
hitherto considered to give the best results, but it must be allowed that 
the smooth surface commutator and carbon brushes form a far more 
mechanical piece of work. Such continuous-current sets provided 
with carbon brushes аге in operation now for the first time in this 
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country on lighting and traction circuits. Towards this improvement 
the present manufacture of carbon brushes has contributed con- 
siderably. The introduction of copper, either mixed with or graded 
with the carbon, gives to the brush those qualities which facilitate 
commutation. 

Enough, I think, has now been said to show the value of electrical 
engineering progress to the community generally, and which has 
brought in its trail social changes of untold benefit to mankind. In 
conclusion, may I express the hope that the session on which we enter 
this evening may be as successful as those that are past, and that the 
discussions of the papers presented may be mutually helpful ? 
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In that distant time, a thousand years or so before the invention— 
by Hero—of the steam turbine, the most interesting study for man was 
тап. What problems there were then of science and of art centred 
upon him as one engaged in a struggle with the great unknown forces 
of the material world. Our present knowledge of these would seem to 
those old-time thinkers superhuman, but the fact remains, though it is 
apt to be forgotten, that the true interest of it all is still in its relation 
to man. The wisdom and skill which are able to direct these forces of 
Nature on a large scale form now our wide profession of engineering, 
well described by Sir Oliver Lodge as “half science, half art.” The 
science of it is a compound of mechanics, physics, mathematics, and 
chemistry ; the art, that skill in the arrangement of materials which 
enables structural, mechanical, or electrical work to be carried out with 
the greatest efficiency and economy combined. 

In every branch of engineering there are three distinct classes— 
proprietors, executive staff, and workmen—each of which requires 
suitable training. The difference between that of the first two and 
the last is that a knowledge of the physical laws of Nature is essential 
for the former, and is to be gained best by a special preparatory 
education. For the latter a knowledge of a few properties of matter 
is sufficient to be gained during the practice of the trade, and with 
the training of the artisan I do not propose to deal. Every opportunity 
is now given for talented boys to rise in any class, and the educational 
systems of Germany and America are good examples of how this may 
be done well. These countries recognised, one seventy, the other thirty 
years ago, the value of training those whose industry requires either 
advanced technical knowledge or power of adaptability. The slower 
movement of our industries relative to theirs has given rise to much 
anxious thought, and to the Mosely Commission. The result has been 
to emphasise the importance of having a highly skilled staff to carry 
out new ideas; the work goes on with so much more ease and 
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certainty. There is no doubt that English manufacturers know their 
work as well as any in the world, but it is a good thing to have a large 
body of trained subordinates with ideas of their own, and eager to have 
the chance of seeing them carried out. In this respect Germany and 
America have obtained a decided lead, though each system has 
developed faults, that of the former being overstrain, whilst in America 
they seem to be more eager to apply than to investigate. 

Education of ап Engineer.—It may be well to consider shortly the 
course of training which experience has shown to produce good results. 
One can assume that a boy desiring to become an engineer of the better 
sort has been to a good secondary school, and that he leaves at the age 
of seventeen. Не should then have an adequate knowledge of his own 
language and at least another (French or German by preference), the 
elements of Euclidian and co-ordinate geometry, algebra to the bino- 
mial theorem, trigonometry to solution of triangles, mechanics of a 
sound, descriptive kind, and a little chemistry and physics. Those 
who have not been able with ordinary effort to attain to this moderate 
standard shculd be given the choice of another career. Classical 
scholarship can in the future only be afforded or attained by school- 
masters or men of leisure. "There is certainly no greater handicap to a 
boy entering an engineering career than an education on the classical 
side of any public or secondary school. The pupil should, while his 
school work is fresh, be required to take the entrance examination at 
some university where engineering is taught, and this should be regarded 
as the finishing point of his school life. 

One enters now upon debatable ground. Isit better to go straight 
from school into the works or to college? А boy fresh from school 
rapidly absorbs the spirit of the place in which he lives. If he is in the 
shops and left to himself, it is a fact that he soon takes the workman's 
view, and may learn to regard foremen and managers as, in a sense, 
his natural enemies. The effect is, however, more far-reaching. It has 
the tendency to set his future thinking on a lower mental plane. To 
have large interests and a wide outlook cannot be too early impressed 
upon a plastic mind, and the workman's view, judging by his talk, 
lacks both of these. I thought once, probably guided by my own 
experience, that it was well to have works before college—one knows 
what one ought to know so much better—but after many years of close 
contact with students of both kinds I have come to think that, on the 
whole, the gain in works’ knowledge, and stimulus, is more than 
counterbalanced by the loss of clear thinking and recognition of first 
principles which prove so valuable later. In addition to this, a boy 
serving an apprenticeship first rarely has a chance of showing ability 
within three or four years; his ck of knowledge keeps him back, 
whilst one somewhat older and familiar with the principles and more 
important constructional details of the work has often an early oppor- 
tunity to make a name as a keen and reliable fellow, provided that he 
enters the works with an open mind and is still willing to learn. 

All colleges which provide a three or four years’ course in engineer- 
ing insist on a sound knowledge of the elements of mathematics, 
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physics, and chemistry. The first year is, therefore, almost entirely 
occupied with learning or revising these, a few descriptive classes and 
some geometrical drawing being added for stimulus. If possible, 
mathematics should be continued through all three years. The power 
of facile thinking with abstract quantities, though it may rarely have 
direct expression in after-life, is of immense service to engineers. The 
higher laws of heat and elasticity and electricity, and the simpler 
quantitative and more advanced descriptive treatment of technical 
subjects, will form the second year's course. That of the third year 
is almost entirely technical, and of such an order that a student 
should have little difficulty on its completion in judging for himself the 
significance of any new suggestion or advance in practice or theory. 
A fourth year may well be occupied in experimental work on new 
ideas. 

Technical or * bread" subjects, as the Germans call them, have 
only within this last year been recognised by Government as having 
educational value, and the rise of the demand for higher technical 
education is an interesting study. It is a well-known fact in the history 
of education that “А new standard or fresh subject of education is 
impossible without the strong impulse of social or professional in- 
terest.”* The Elementary Education Acts were a direct outcome of 
impulses of the first kind, the recent change in the attitude of the 
authorities towards engineering departments in university colleges is 
of the second. Without the strong backing of professional interests, 
medical, engineering, or chemical, university colleges would long ago 
have degenerated into high schools. 

Civic patriotism has played a large part in the development of the 
wider educational ideals. In Liverpool there are twenty-five depart- 
ments in the University, each endowed with £10,000. Manchester, 
Birmingham, Leeds, and Sheffield can all show like results. We are 
rather isolated here in Newcastle, but we shall no doubt in time feel 
the wave from the centre of activity further south. Perhaps we are 
stunned by the shock of Mr. Carnegie's gift of £2,000,090 to Scot- 
land. Since 1870 the growth of industry upon Tyneside has been 
phenomenal. Shipbuilding and all branches of engineering are to be 
found here in highest activity, and it is not too much to say that 
Tyneside owes an appreciable share of its success to the high standard 
of training maintained by this college throughout the last thirty-four 
years. Notwithstanding this, we have no permanent endowment for 
any one of our twenty departments. 

'The most rapid and fruitful return for endowment is in the field 
of research. It is now generally agreed that the function of a 
university establishment is both to tgach and to extend the boundaries 
of knowledge. Scientific research falls under two heads. There 
is, on the one hand, that close study of facts more or less known 
in order that accurate information may be had for industrial purposes. 
This is embodied in the National Physical Laboratory, which, being 
supported by public funds, directs its attention to work of im- 


* W. H. Woodward, * Erasmus Concerning Education," p. 85. 
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mediate industrial value. Оп the other hand, there is speculative 
search into the unknown on lines suggested by unique chains of thought, 
arising from new observations or strong co-ordinated thinking. Work 
of this latter kind cannot be undertaker? to order. There are times 
of inventive activity in which ideas come rapidly, then follows the 
patient experimental search for truth where so many fall out. Now if 
it is to come at all, a time of speculative activity almost inevitably 
follows the completion of a university course. It is then that en- 
couragement and, perhaps, pecuniary help are of vital importance to 
a young student. He should have the opportunity of seeing how to 
carry out ideas by watching or helping in the research work of his 
professor, and the advantage is mutual. 

There is in connection with experimental research a disregard by 
many, though not all, manufacturers of much promising material. We 
take our young engineers from college and put them for years to 
routine work which untrained men do as well or better, and are 
disappointed that they do not show striking results, forgetting that two 
things are necessary to progress—the man and the opportunity. I 
would suggest that men with a first-class college record should, instead 
of being treated as beginners, be taken into the confidential departments, 
design or test room, and set to work on new things, at first under 
supervision. Of course, if there are no new things to work at, the 
industry is stationary or retrograde. They say no man becomes a good 
glass-blower until he has broken то lbs. of glass in the process of 
learning. There should also be some similar allowance made for 
crude ideas in engineering—say, ten pounds sterling. Fuses cover a 
multitude of sins in the test-room, and it would take a good deal of 
work to reach this limit. In a large industrial centre where there is, as 
here, close relationship between college and works, I would suggest 
that where there are not men and instruments available in the works, 
senior students should be lent occasionally to do a week's work—say, 
with an oscillograph on wave-forms, or on the effects of armature 
reaction, or in studying interpolar induction or commutation in special 
cases. 

Research and Practice.—The interdependence of science and industry 
has been a fruitful theme for a hundred years. One never knows to 
where an experiment a little off the beaten track will lead. I have 
recently had a good example of this, on a small scale, which may be of 
interest to you. Some years ago I made a few experiments upon 
bacteria, working mostly with typhoid germs on account of their 
sensitiveness. During these I found that M. Lortet had discovered 
what I was looking for, that alternating currents cause them to orientate 
and place themselves along the lines of flow, but һе failed to find any 
effect with direct currents. Asa matter of fact bacteria of all kinds, 
living or dead, orientate in the same way under either direct or alter- 
nating electrification. 

On thinking over the cause of this, it was found that the movement 
depended entirelv upon the relative conductivity of the organism and 
the surrounding liquid. So that the former behaves as a rod of iron 
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in a magnetic field, or one of a dielectric in an electrostatic field, the 
same laws governing lines of stress or steady flow whether of electricity, 
magnetism, heat, or liquids. In searching for the cause I found that 
glass orientates in oil, but not in water, and that carbonised silk fila- 
ments are very sensitive in either. Some time after I wished to design 
an apparatus to indicate the state of charge on cables, in order to see 
whether they were safe to handle. The simple electroscope was first 
thought of, but rejected as not mechanically strong enough to be 
placed in a platelayer's hands. It then occurred that one might use 
the same thing on a small scale, observing the movement in a kind of 
linen-tester’s microscope. On trying this I noticed a small spark pass 
between two particles of carbon suspended in oil, and the idea at once 
came, “Why not look for the sparks?” In ten minutes or so after this the 
first “ voltascope" was made and tried on a 2,000-volt circuit, and a 
little while later on 20,000 volts. The instrument as it is now made 
consists of a glass tube containing oil and short fine carbon rods. 
Contact is made across the mains through a heavily-insulated wire 
having an ebonite or fibre handle with sharp steel points to get good 
contact. It works equally well with direct and alternating currents, 
and in any position. As soon as contact is made the carbon filaments 
become 'polarised and form an irregular chain, along which a small 
current passes, jumping across minute gaps between the particles, and 
so forming sparks which are instantly extinguished by the oil, their 
constant appearance and extinction giving the tube the effect of scintil- 
lation, The working range of the instrument is from то volts upwards. 

It is a far cry from bacteria to an electric life-saving device, but the 
same line of thought led further to the invention of the high-tension 
voltmeter shown. So far as I know, this differs from other forms in 
the use of a dielectric needle or quadrant. A short ellipsoid of paraffin 
or sealing-wax is suspended by a fine silk or quartz thread between 
brass plates, contained in a glass globe about 15 cm. diameter. Theory 
indicates that the torque on the suspension is proportional to the square 
of the voltage, and this is found to be experimentally true. One uses 
the instrument in the same way as a Siemens dynamometer or the 
Ayrton-Mather voltmeter of the same type. The ellipsoid is brought 
to a balanced position between stops by rotating the torsion head. The 
lowest voltage to which it is sensitive is about 500, and I have used it 
to measure spark-gap voltage up to 100,000. Since specific inductive 
capacity varies with frequency, a simple correction must be applied 
for this. 

There is a still further extension of the same theme. Опе can 
measure the permeability of iron by the torque on a long ellipsoid 
suspended in a magnetic field, and in the same manner one can 
determine by this instrument the dielectric constants of all solids, 
liquids, or gases when a litre of the latter can be obtained. The effect 
is a function of the relative permeabilities of ellipsoid and medium, and 
a comparative series may be readily formed and checked by reference 
toair. The ellipsoids must be made very carefully, and Messrs. Hilger 
can be relied on to do this. 
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These examples, given for what they are worth, serve to show 
that a little research with a microscope may lead to results quite 
unthought of at the time in an entirely different subject and on a 
different scale. The microscope might be much more used in 
electrical engineering than it is at present, if, indeed, it is used at 
al. We know now that the permeability of iron depends upon the 
size and distribution of the crystals of carbide of iron in the metal, and 
that these are changed by the heat treatment this has received. Why 
should we not estimate permeability by polishing a surface on the 
metal, observing it through a microscope, and, if necessary, photo- 
graphing it? After a time, by collecting a set of standards, the quality 
of any specimen might be assigned in a few minutes by inspection. 
We have timber merchants selecting wood by inspection of the grain ; 
why not makers of machines selecting magnetic iron in the same way, 
and requiring ironmakers, when quoting, to send a micro-photograph 
of the material ? 

In the heavier branches of electrical engineering, workshop research 
can show many examples of important results reached by following 
side-tracks, but to carry out research work with any chance of achieving 
a definite advance, there must be sound preliminary training, and thus 
we return to the first theme of education for those who will be in a 
position to do or direct it. There are, we may be sure, hidden in the 
future, advances in science and practice fully as great as those which 
we have inherited and which have come to pass in our day. They will 
come from patient search in workshop, laboratory, and study, by those 
men who are, as it were, the growing points of science, thrusting down 
into fresh, dark, fruitful soil the roots by which the spreading tree of 
knowledge is upheld. 
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To write a paper on street lighting in general would require a long 
search into history before it would be possible to give any explanation as 
to how it came about that the streets of our towns are lighted in the way 
we find them. But I do not propose to attempt to solve this mystery, 
beyond stating that, after the decade of oil lamps, when it was decided 
to use gas lamps, these must have been in a large number of cases 
erected indiscriminately, depending upon the sum of money at the 
disposal of the authorities. It is probable that in some instances the 
surveyor may have had a say in the matter, but, judging by results, I 
am forced to the conclusion that he was generally overruled by some 
body of gentlemen who, very likely, formed themselves into a Street 
Lighting Committee, and under that august name went about planting 
lamp-posts at random. 

This practice, I believe, still exists, and what is even more striking 
is that you find the same collection of gentlemen, who include in their 
numbers representatives of all professions and trades, taking upon 
themselves the duty of deciding on the merits of various methods of 
street lighting, and when you ask them what they know about the 
matter, they answer that they represent the “man in the street.” 
This answer naturally leads to another question: Why does the 
“man in the street,” who we will take for granted is a ratepayer, 
allow you to retain the services at his expense of a surveyor and 
engineer to advise you on the subject if their advice is not to be 
taken? The reply to this question is not so prompt, but very generally 
amounts to the fact that the gas company’s engineer, or representative, 
told them that the reports they had received from these gentlemen 
were all nonsense, and that they had better go by their own eyes; 
thus the well-known proverb of the prophet in his own country is 
verified once more. | 

Everyone can judge illumination with his own eyes, but, in 
order that his judgment may be of any practical value, his eyes 
will require assistance in the form of a photometer. Both gas 
engineers and electrical engineers are taught to use this instrument, 


1905.] HARRISON: STREET LIGHTING. 189 


but I have never heard that its manipulation is included in the education 
of any one belonging to the professions and trades from which the 
representatives of our boroughs, cities, or towns are generally drawn ; 
therefore, if the engineers could be persuaded to use photometers for 
the purpose of measuring illumination which cannot be accurately 
measured in any other way, and if committees could be persuaded to 
make use of these measurements when they are made, the result 
would be that the ratepayers would benefit, not only financially by 
the reduction of the lighting rate, but also by the increased comfort 
which would result from the better illumination of the streets. 

The antipathy which engineers have so far shown to the actual 
measurement of street illumination is in the case of gas engineers, and 
to a smaller extent in the case of electrical engineers, due to the fact 
that they are in the habit of stating the value of a lamp as the candle- 
power which it will give when measured in the best position and 
without any globes or lanterns; therefore, when measuring street 
illumination, a figure is generally obtained much lower than that 
claimed ; but it is this actual figure which must be used for com- 
parative purposes, and, as I have suggested above, electrical engineers 
have much less to fear than gas engineers from this exposure. 

For instance, a Welsbach mantle consuming from 3:5 to 3°75 cub. ft. 
per hour is generally stated as 70 c.p., whereas the very large number 
of measuremertts I have made during the last few years have shown 
that the average candle-power derived, when mcasured in the street, 
15 35! Again, a 200-volt, {-атреге “А” type Nernst lamp, according 
to the makers, gives 70 c.p. (heffner units), and in practice I have found 
them equal to 37 c.p.! 

Again, a 500-watt, direct-current, open-type arc lamp is generally 
called а 1,000-c.p. lamp ; whereas Mr. Bradley's tests and my own go 
to prove that they average 600 c.p. Another example is the new gas 
lamps in Fleet Street, which were claimed as 200 c.p., whereas the 
actual measurements I have made prove that they average 135 c.p. 

Another example is the much-advertised gas lighting in Kingsway 
and Aldwych. The gas journals are continually referring to the lamps 
used as 1,000 c.p., whereas the average of a large number of photo- 
metric measurements made by myself and others prove that the 
average candle-power in the street is 515. 

I think these examples sufficient basis for the opinion I have formed 
as to the reason why gas engineers avoid the photometer and prefer to 
rely upon verbal or written statements which they trust never to be 
called upon to verify. 

I do not wish you to go away with the idea that I place ло value 
on public opinion of street lighting ; 1 know that the residents in any 
town or street could tell you whether its illumination is sufficient for 
their purpose, because they have to use the light and judge accordingly. 
But to take any individual and ask him to give an opinion on the value 
of two illuminants—which do not, probably, vary more than 50 per 
cent.—is pure waste of time, unless he uses suitable instruments, or 
has made a special study of the subject. 
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In order to arrive at any decision as to the degree of illumination 
which may be considered efficient for various streets it is necessary 
to decide first the units in which the value of illumination should be 
specified. I have had the opportunity of examining several reports 
which have been submitted by engineers to Lighting Committees ; in 
the majority of these it has been considered sufficient to state the 
candle-power of the lamps in the same way as Mr. Bradley does in the 
most valuable tests he makes periodically in Westminster ; others have 
gone a little further, inasmuch as they state the candle-power per mile 
of road ; others, again, have based their figures on various illumination 
tables given in candle-power feet at various distances from the source 
of light. 

That none of these methods are complete enough will be obvious 
when an attempt is made to compare the reports. For instance, the 
mean illumination of a street cannot be ascertained from measure- 
ments of candle-power unless these are taken at a large number of 
different angles, because there is practically no source of artificial light 
which gives a true hemispherical candle-power ; by that I mean a 
light of which the candle-power measured at any of the angles in the 
lower hemisphere will be approximately equal. Moreover, it is neces- 
sary to state the height and distance of the lamps, in order to judge the 
illumination derived. 

In 1892 Mr. Trotter read a paper * which dealt very fully with 
this matter, and his paper is even now probably the most complete 
treatise extant on the subject. Many members will remember Mr. 
Trotter’s paper, and no doubt use it for.reference, but for the benefit 
of those who have not seen it I propose to give a short résumé, in 
order that I may point out the reasons which, in my opinion, have 
prevented his proposed system of measurements from becoming 
generally adopted. 

Mr. Trotter used an illumination photometer devised by himself, in 
conjunction with Sir William Preece, by which the horizontal illumina- 
tion at various parts of the road could be measured ; and incidentally 
he gave it as his opinion that the nearer this illumination could be 
measured to the road surface the better. 

Now, it is obvious that if the degree of illumination is measured on 
a horizontal plane, all the lamps in the neighbourhood of the photo- 
meter will assist in illuminating that plane, therefore the spacing and 
height of the lamps can be disregarded when making comparison, and 
only the measurements in candle-power feet taken into consideration ; 
and if the mean of these measurements could be taken as a criterion 
of the illumination of the road, no better system could be adopted. 
Mr. Trotter shows at great length in his paper how this can be done 
by plotting a large number of contour curves and illumination curves 
along imaginary lines drawn down a street; but unless sufficient 
measurements are made to plot these curves in every case, and a mean 
illumination obtained by dividing the plan of the street into a large 
number of sub-divisions and taking a mean of all the various degrees 

* Minutes of Proc. of Inst. of Civil Engineers, vol. cx., 1892, p. 69. 
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of illumination in all the sub-divisions, as shown by the contour curves, 
I fail to see how the mean degree of illumination can be arrived at. 

As the above process would entail more time than can generally be 
given to this branch of work, I would not advise anybody to attempt 
it. Moreover, there are other practical objections to the use of an 
illumination photometer as described by Mr. Trotter, which eventually 
resulted in my abandoning its usc, but not until I had had practical 
experience of it for a period of about two years, and had obtained 
results of considerable value to me in my study of strect lighting. 

These practical objections were the following :— 

The large difference between the maximum and minimum illumina- 
tion when measured on a horizontal plane, coupled with the small 
range of the instrument, made it only possible to survey the illumina- 
tion over a very small portion of the street unless several different 
standard lamps are used, and even then the instrument was found 
to be difficult to balance when a comparatively high or low degrec 
of illumination was being measured. 

Thus I came to the conclusion some time back that in order to 
encourage more general testing of street illumination for comparative 
and specification purposes, a simpler means would have to be adopted 
than has hitherto been the general practice, and that an instrument 
must be devised by which the degree of illumination of a street could 
be rapidly and accurately determined. I am now able to show the 
design of instrument I consider most suitable, but, before discussing 
it, I propose to define the measurements which I have come to the 
conclusion are necessary. 

In order to judge the lighting of a street it is only necessary to 
know the minimum illumination at any point where light is required, 
because if that illumination is sufficient for the purpose it obviously 
follows that it will be ample elsewhere ; to go to great trouble in order 
to obtain an average illumination is not only sheer waste of time, but 
also misleading; for example, the average illumination of a strcet 
brilliantly lighted in one part and left in comparative darkness in 
another part may be high, but it is of no practical use except that 
you know that by moving from one brilliantly lighted spot to another 
you will travel along the street, provided you do not encounter any 
unseen objects or dangers in the dark intermediate parts ; therefore, 
I think you will agree with me in saying that the measure of minimum 
illumination is of primary importance, and on its value the efficiency of 
the lighting of the street depends. 

It will probably be suggested that the valuc of the maximum illumi- 
nation should also be measured and stated, in order that a diversity 
factor may be arrived at. This is to some extent truc, as passengers in 
vehicles passing rapidly along a street having a large diversity of 
illumination are liable to become dazzled; moreover, the value of 
the minimum is reduced if the iris of the eye is being periodically 
contracted by brilliant patches of light. Therefore, I think we may 
take it that the best-lighted streets are those with the highest minimum 
illumination and with the lowest diversity factor, and, after having 
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granted this definition, all that remains to be done in comparing the 
lighting of various streets is to state the value of the maximum and 
minimum illumination as measured therein. 

But the unit of illumination, namely, the candle-power foot, is not 
sufficiently definite, for it is obvious that when speaking of illumina- 
tion we really mean the degree to which something is illuminated, 
and that will depend to a very large extent on the average angle 
at which the light strikes the various surfaces of that object. 

Mr. Trotter, with his illumination photometer, chose to measure 
illumination on a horizontal surface, and it has become very common 
to state (as Mr. Hoadley did in his paper read before the Municipal 
Electrical Association this year) the measurements in candle-power 
feet, disregarding the angle of the screen on which the illumination 
was measured. 

I have, therefore, prepared the following Table (I.) of illumination 
on planes at various angles to demonstrate the error which might follow 
if this important factor in the unit is disregarded. This table also 
emphasises the decision to which I have come regarding the most 
suitable angle of the screen on which to make these measurements. 

For the sake of simplicity I have taken the light as being 1,000 c.p. 
in all directions and at a height of ten feet above the measuring 
screen :— 


TABLE I. 


ILLUMINATION IN С.Р. FEET ON SCREENS FIXED AT VARIOUS ANGLES. 


Distance in 


| 
Feet. Direct. Horizontal. Vertical. At 45°. 
как os to. Wo. НЕ 
o Illumination... IO IO O 7°70 
5 » | 80 715 35 1 70 | 
10 » 5 5'0 25 3% | 50 
15 ^ " 70 | 17 3.5 | 29 | 
20 T 5% 20 "89 31 1'88 | 
30 5 T I'O 31 1'7 | '88 | 
до э ы 558 14 A E | 
50 » ed 48. "075 "26 | 2 
бо ў oo | "27 | “044 119 | "2 | 
70 s: "T '20 028 15 158 | 
Зо js n | 'IS OI9 12 7120 
go y “ "12 | 013 "098 0394 
IOO » T ‘09 | OOI ‘O81 076 


It is, of course, unnecessary to remind the members that the illumi- 
nation of a surface is proportionate to the candle-power of the light 
divided by the distance in feet squared which separate the light 
from the surface; this unit is described as candle-power foot, but it 
may be necessary to remind you that, unless otherwise stated, it is 
assumed that the illuminated surface directly faces the source of 
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light, in which case the angle of incidence is 0; at any other angle 
the illumination of that surface would be reduced in direct proportion 
to the cosine of the angle of incidence; therefore, it is necessary that, 
if any measurements are made on an instrument having a measuring 
screen which is horizontal or vertical or kept at a fixed angle, such a fact 
must be stated in order that the measurements may be of value. In 
order to avoid the necessity of making such a statement, the obvious» 
inquiry is—why not design the instrument so that the direct illumina- 
tion is always measured? My answer to this is that it requires another 
adjustment every time a measurement is made, thus not only com- 
plicating the design of the instrument, but also increasing the time 
occupied in making the tests. 

It will be noticed that in the design of instrament I recommend an 
angle of 45° has been chosen ; if it had not been for practical reasons 
‘IT would have preferred a vertical screen. My reasons for abandoning 
the horizontal screen, which I used for many years in a type of 
instrument similar to that suggested by Mr. Trotter, may interest 
you; опе reason was that the angle of incidence when measuring 
at a distance from the post became so large as to reduce the illumina- 
tion on the screen to that point when it was difficult to get a balance, 
and, moreover, unless the screen was accurately levelled, considerable 
errors were liable to creep in; these faults made it practically 
impossible to measure the minimum illumination, which I consider 
the most important factor. For instance, at тоо feet from a post 
20 feet high on which is mounted a 5оо-с.р. lamp the illumination 
on the horizontal screen used in the instrument would only amount 
to o'005 c.p. feet, whereas if the screen had been illuminated by 
direct rays it would have been 0045, which is nearly ten times as 
much, and could have been easily measured. With the instrument 
shown here it is equal to 0'04, and can be measured with ease and 
accuracy. With a vertical screen it would have been equal to 0'047, 
which would have been even more easy to measure; but, on the other 
hand, it is obvious that directly under the post the vertical screen 
would be useless, and the illumination on the horizontal screen 
would be so high as to be out of the range of the instrument ; this 
alone is one good reason for the use of this particular angle. 

But there are two other reasons which I consider of equal impor- 
tance; one is that, owing to the great variation in the spectrum of 
lamps used for street-lighting purposes, a flicker method of obtaining 
a balance is essential for accurate work, and an angle of 45° is found 
more convenient in the design of this part of thc apparatus ; the other 
is that the illumination of vertical objects in a street is of equal, if not 
greater, importance than that of the road and pavement; for instance, 
it is of more importance to be able to recognise faces and avoid obstruc- 
tions than to be able to distinguish the quality of the road ; it is true 
that in the case of road vehicles, particularly motor cars, the latter is of 
importance, but as these vehicles very generally carry lamps of higher 
candle-power than the street lamps, the comfort of the pedestrian is 
more to be considered. Therefore, by stating the value of the illumina- 
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tion on a screen at an angle of 45? we are probably giving the most 
useful information for practical purposes. Moreover, the measurements 
obtained at this angle are as easily converted to measurements of 
candle-power as would be the case if any other angle were used, and 
the fact that the candle-power of the lamps in one direction only is 
measured simplifies this calculation considerably. 

There is still another factor which must be stated, and that is the 
height at which the measurements are made from the ground ; this 
should be settled by the most convenient height for making the 
measurement, which I have found to be 4 ft. 

Therefore, for the purpose of measuring and comparing the illumi- 
nation of streets, roads, or open spaces, I would suggest that the 
minimum and maximum illumination, which can be derived at any 
point, be stated in units of candle-power feet measured on a plane 
surface inclined to the vertical at an angle of 45°. 

Having decided a definite means by which the lighting of streets 
can be accurately and rapidly compared, I have, from various published 
statements, obtained the opinions of gas and electrical engineers as to 
the present-day requirements in this direction, and, from tests made by 
myself and others, am able to give a rough average of what actually 
occurs in practice. 

Birmingham.—The opinion of Mr. John Price, of Birmingham, was 
published in the Street (February, 1905), in which he stated that incan- 
descent gas burners consuming 3'5 cub. ft. per hour—for which he claims 
42 c.p. when new—should be erected at 50 yards apart in the suburbs 
and 28 yards apart in the centre of the city; in the very important 
thoroughfares two, or even three, burners may be used. This works 
out as follows :— 


Centre of City, 8o c.p. at 84 ft. apart, minimum direct illumination, 
0°046. | 

Main Streets, 40 c.p. at 84 ft. apart, minimum direct illumination, 
0'023. 

Suburbs, 40 c.p. at 150 ft. apart, minimum direct illumination, 0:007. 


Partick.—Mr. Maxwell, in his paper read before the Glasgow Local 
Section * in 1905, stated that the 124-ampere open-type arc lamps 
(for which he claimed 870 mean spherical candle-power) when fixed on 
posts бо to 80 yards apart in the main streets, and тоо yards apart in 
side sireets, were satisfactory in practice. In certain instances an 
average distance of 110 yards apart and a maximum of 180 yards was 
permissible. Allowing that the candle-power of the lamps at, say, 15? 
from the horizontal would not exceed боо, this works out as follows :— 


Main Streets, 180 ft. apart, minimum direct illumination, 0'071. 
F 240 ft. apart, minimum direct illumination, 0'04. 

Side Streets, 300 ft. apart, minimum direct illumination, 0:026. 

540 ft. apart, minimum direct illumination, о"0082. 


» 


* Fournal, Institution of Electrical Engineers, vol. xxxiv., 1905, p. 729. 
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Bradford.—The Gas Engineer of Bradford reports in the Street 
(January, 1905) that the principal streets are lighted with two incan- 
descent gas lamps placed on both sides of the street 30 yards apart ; 
he claims that they give an actual light of 100 candles—if this is the 
case, we may take it that the principal streets are illuminated as 
follows :-— 

Two Gas Maniles тоо c'p., до ft. apart, minimum direct illumina- 
tion, 0'047. 

54. Pancras.— The original 10-ampere open-type arc lamps were 
erected in the main streets at 330 ft. apart, but even in the less impor- 
tant streets they are now put at 165 ft. apart. The side streets wcre, 
and are in some cases, illumined with single gas mantles at 120 ft. 
distance. I think we may take it that the modern practice will be 
maintained. The results are as follows, taking the candle-power of the 
arcs at 15 bélow the horizontal as 500 :— 

Main Streets (old practice), arc lamps 330 ft. apart, minimum direct 
illumination, 0'017. 

Main Streets (new practice), arc lamps at 165 ft. apart, minimum 
direct illumination, 0°07. 

Side Streets, incandescent gas, 120 ft. apart, minimum direct illumina- 
tion, 0*0095. 

Croydon.—From Mr. Cramb's interesting tests embodied in a Report 
submitted to the Corporation of Croydon in July of this year, it tran- 
spired that the main streets were lighted by arc lamps giving an average 
candle-power of 450 at 65 yards apart, and the side streets by single 
incandescent gas burners, of which the best examples gave 52 c.p. 
fixed 80 yards apart, and by Nernst and incandescent lamps (the 
latter being fixed with Reason reflectors), which gave an average 
of 57 c.p. and were fixed at a distance of 66 yards apart, the results 
being as follows :— 

Main Streels, arcs, 450 C.p., 195 ft. apart, minimum direct illumina- 
tion, 0043. 

Side Streets, gas, 52 c.p., 240 feet apart, minimum direct illumina- 
tion, 0'0036. 

Side Streets, electric, 57 c.p., 198 ft. apart, minimum direct illumina- 
tion, 00056. 

Willesden апа Barnes.—As an example of residential suburban 
lighting I would take Willesden, where the main streets are lighted by 
means of 10-ampere open-type arc lamps, 78 yards apart, and the side 
streets by incandescent gas burners, consuming 372 cub. ft. of gas per 
hour, averaging 50 yards apart ; and also Barnes, which is lighted to 
alarge extent by 4-атреге Nernst lamps erected at бо yards apart. The 
results of these two places work out as follows :- – 

In Willesden, Main Streets, arcs, 234 ft. apart, minimum direct 
illumination, 0°035. 

Side Streets, incandescent gas, 150 ft. apart, minimum direct illumina- 
tion, 0°005. 

In Barnes, Nernst lamps, 180 ft. apart, minimum direct illumination, 
0'005. 
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Maidstone.—As an example of a town with a population of about 
35,000 I would take Maidstone, where the High Street. is. lighted with 
open-type 500-watt arc lamps at 4o to 45 yards apart; in the main 
streets these lamps at distances varying from 60 to 65 yards are used ; 
and the side streets are illuminated with 4-ampere Nernst lamps at 50 
yards apart. Thus we get :— 

High Street, 500 c.p., 130 ft. apart, minimum direct illumina- 
tion, 0711. 

Main Streets, 500 c.p., 190 ft. apart, minimum direct illumina- 
tion, 0°054. 

Side Streets, до c.p, 150 ft. apart, minimum direct illumina- 
tion, 0°007. 

Tonbridge.—This is a good example of a T of about 13,000 inhabi- 
tants, the lighting of which has received considerable attention of late. 
The High Street is provided with 500-watt open-type arc lamps at 
an average of go yards apart. The residential main roads are lighted 
by two 1-ampere Nernst lamps on posts erected уо yards apart, and 
single 4-ampere Nernst lamps also 7o yards apart. The other parts 
of the town are lighted by incandescent gas lamps, at an average 
distance apart of 70 yards. This works out as follows :— 

High Street, 500 с.р., 270 ft. apart, minimum direct illumina- 
tion, 0'027. 

Main Streets, 40 c.p., 210 ft. apart, minimum illumination (direct) 
0'004. 

Side Streets, 30 с.р., 210 ft. apart, minimum direct illumina- 
tion, 0'003. 

Manchester.—F rom the valuable tests taken by Mr. Pearce here I have 
exiracted the following figures, which give an example of the lighting 

of main thoroughfares of an important town :— 


Minimum 
Direct 
.| Hlumination. 


Distance 


Position. Lamp. Apart 


Piccadilly ... . | goo watt enclosed arc ... 76 ft. 0:62 


Sackville Street ... | Intensified Gas... ... | 58, | 038 | 
Albert Street ... | боо watt enclosed arc... | 57, | 054 | 
All Saints’... ... | Intensified Gas... бс, X02 4, O14 | 
Piccadilly... боо watt enclosed arc... | 66 ,, 0°30 | 
Cheetham Hill Rd... Incandescent Gas ...| 206, ` | 903 | 


Gorlon.—A much more interesting example in this neighbourhood 
is Gorton, where Mr. Pearce has lately replaced 25 double Welsbach 
mantles, each taking 4 cub. ft. of gas per hour, by 22 enclosed arc 
lamps giving 400 c.p. each. The gas lighting in this case used to 
cost £150 per annum; the electric lighting is done for £176. Taking 
an average candle-power for the gas lamps based on the figures given 
by Mr. Price, of Birmingham, and measurements made by myself else- 
where, the candle-power will work out at 80 per post ; therefore it will 
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be seen from the following figures that the minimum illumination 
has been increased four times at an extra cost of 17 per cent. per 
annum :— 

Old System. Incandescent gas, 80 c.p., go ft. apart, minimum 
illumination (direct), 0°037. 

New System. Enclosed arc lamps, 400 c.p., 100 ft. apart, minimum 
illumination (direct), 0'145. 

As a final example, I propose to take the much disputed City and 
Kingsway lighting. - In the case of Kingsway, the length is 4,000 ft. and 
the breadth тоо ft. 

Kingsway.—There are 51 high-pressure gas lamps, and the measure- 
ments I had made in October averaged 670 c.p. on the lamps in good 
condition, and 450 on those which were in poor condition. The posts 
are staggered, therefore the maximum distance from any post would be 
46 ft., where you would be deriving light from three sources, two of 
which would be available on a screen at an angle of 45?, but, for the 
sake of comparison, I propose to consider one only. This works out as 
follows :— 

High-pressure gas, 515 c.p., 8o ft. apart, minimum direct illumina- 
tion, 0*206. 

City, Fleet Strecl, — Неге, as you аге no doubt aware, twelve 
10-атреге lamps in muranese globes have lately been replaced by 
thirty-four pairs of incandescent gas mantles. I have tested both 
of these illuminants, and am able toi place before you the following 
figures, which require a little explanation. 

In the case of the gas lamps the two mantles are placed side by 
side, therefore the minimum candle-power measured is across the road, 
where it averages 80 c.p., and this will be the point at which the 
mlnimum illumination occurs, namely, at a distance of 30 ft. 

The old arc lamps were at a distance of 137 ft. apart, and as they 
gave 680 c.p. when measured at a distance of 30 ft., it can be taken 
ior granted that 600 would be a safe average to take at the greater 
distance. The comparative figures would then be :— 


Old arc lamps, 137 ft. apart, minimum direct illumination, 0°117. 
New gas lamps, 48 ft. apart, minimum direct illumination, о'о8. 


The actual minimum illumination between the gas posts would 
be :— | 
48 ft. apart, minimum direct illumination, 0°18. 


I think I have now stated sufficient opinions and examples to 
give you some idea of botk the past and present practice; these very 
hgures show the diversity of opinion, as demonstrated in practice. It 
is therefore only possible to obtain a rough average, but nevertheless 
this will form some basis to work on. 

I do not propose to consider the more brilliantly lighted streets 
of Manchester, or the Gas Company's latest show in Aldwych and 
Kingsway, as there is little doubt that the illuminating of public build- 
ings in the case of the former has been aimed at as much, if not more, 
than lighting the streets ; and the latter case, as far as one can judge, 


198 HARRISON: STREET LIGHTING. [ Manchester, 


is an advertisement for the gas companies, the cost of which will pro- 
bably never be disclosed. Therefore, I think we may take it that in 
most towns the minimum direct illumination is as follows :-— 


Main Thoroughfares, minimum direct illlumination, o*050 c.p. ft. 
Side Streets » » » 0025, , 
Suburban Streets i 5 т O°005 , رو‎ 


These figures, I need hardly remind you, are averaged from actual 
measurements made in the street, and not from the fictitious values 
often claimed, and it is interesting to note that in many places where 
electric light has been installed—such as St. Pancras, Maidstone, 
Partick, etc.—these values have been exceeded, whereas the actual 
illumination obtained from gas mantles is generally much lower than 
that estimated by the representatives of the gas industry. 

In the case of the less populated towns it will be found that the 
main streets are generally оп a par with what I have termed the side 
streets of a large city, the other streets being equivalent to the suburban 
streets ; but in many instances, such as Tonbridge, the lamps in the 
less important side streets can hardly be said to illuminate them at all, 
owing to the long distance apart at which they are placed. 

Proportioning of Street Шитіпайоп.--І have never been able to 
find any particular law governing the decision of the powers which 
settle the extent to which a street should be lighted ; there is little 
doubt that street lighting originated in a desire to prevent crime; 
if this had been carried to its logical conclusion, the slums and 
alleys of our cities would be better lighted than the parts occupied 
by the more peaceful, law-abiding citizens, which is certainly not 
the case. It might be suggested that it is proportioned in some way 
by the rateable value of the houses forming the streets, but I should 
have thought it would have been more logical to have considered 
the number of people living in a street, rather than their individual 
wealth. The people most fitted, in my opinion, to settle the matter 
are the police, because upon them depends the control of the traffic, 
the prevention of accidents, and the reduction of crime. 

And now let us see what the value of the minimum illumination is ; 
the usual test is the possibility of reading a Bradshaw railway guide. 
I find, personally, that this is possible at an illumination equivalent to 
0°05 с.р. foot. With о'оос̧ c.p. foot you cannot recognise a face ; in fact, 
can only just avoid running into anything. Mr. Trotter took for his 
comparison moonlight, which he found to be 0:028 c.p. foot in England 
near full moon ; thus it will be seen that in the side streets of large 
cities the minimum illumination approaches full moon, but in the 
suburban street is less than one-fifth. I would therefore suggest that, 
unless the value of illumination in any streets exceeds, say, O'OIS5 с.р. 
foot, it could hardly come under the head of street lighting, but should 
be called “ beacon lighting," as suggested by Mr. Trotter. 

Methods of improving Street Lighting.—The remainder of my paper 
I propose to give up to discussing the possibilities of improving 
the existing state of affairs without increasing the cost in any way, 
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and the only unit I propose to consider is the minimum illumina- 
tion derived at any point. It is now several years since I came to 
the conclusion that the efficiency of street lighting must be judged 
by the minimum illumination derived at any point, in the same way 
that the strength of a chain is decided by its weakest link ; in fact, 
the lighting of a street is similar to a chain of links, and in order 
to strengthen these links at their weakest point, I devised fittings 
to increase the light at that point. By far the most efficient of 
these, which is fully protected, is now being manufactured by the 
Reason Manufacturing Company, of Brighton, and, as it will enter 
largely into the figures I propose to put before you, I will describe it 
in order that you may see that the excellent results, which I am able 
to guarantee, are obtained by utilising the rays of light which would 
otherwise be lost. I might mention that there are several thousands 
of these fittings in use, and that they have been the means of obtain- 
ing the street lighting contract for the Electricity Department in 
many cases. 

These fittings are arranged in many different forms to suit special 
positions, but by far the most efficient is the one which is intended for 
straight roads, for which the bulk are required. 

In designing these fittings, I took the following facts into con- 
sideration :— 

I. That the rays directed above the horizontal are useless, and 
therefore can be diverted up and down the street to increase the 
distant illumination. 

2. If the postsare erected on the edge of the footpaths, the rays which 
would illuminate the adjacent houses or fields are practically useless, 
unless the houses have a reflecting value, which is very rarely the case. 

3. The rays of light illuminating the street near the post should b: 
of small value compared to those directed to a distance up and down 
the street, in order to obtain even illumination. 

The above conditions, in short, mean that practically only a quarter 
of the mean spherical candle-power is useful, and that the other three- 
quarters are wasted unless directed into the required direction. The 
extent to which this fitting succeeds is as follows :— 

The average candle-power of {һе lamps measured from all parts of 
the street will be found to be 22 times the mean spherical candle- 
power, and the maximum candle-power measured over the width of 
the road some distance from the post is nearly three times the mean 
spherical, the minimum candle-power measured adjacent to the post 
being equal to the mean spherical candle-power of the lamps. 

One-half of the filaments or glowers of cach of these lamps is 
enclosed in a specially-shaped hollow hemispherical reflector, fixed at 
such vertical and horizontal angles that in those positions (as viewed 
from the street) where the reflectors are not in themselves increasing 
the illuminating value of the lamps to more than double the maximum 
of one lamp, the light of both lamps is allowed to shine. Thus, at no 
point does it decrease the light, and over the greatest area of the street 
the light is increased to the maximum above stated. 
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These reflectors are of glass blown on to a mould of the correct 
shape, and in such a way as to form a bottle, the inside of which is 
silvered ; the opening is then hermetically sealed when fixing the cap ;. 
thus a reflector of. about 88 per cent. енеелеу 15 obtained—which 
efficiency is practically permanent. 

You will note that in the reflector the whole of the Heol 
rays are deflected, whereas in previous designs in which the lamp 
passed through a hole in the centre of the reflector a great number of 
these rays were not utilised. Another point is that the lamps are in 
such a position that the maximum rays are used both in illuminating 
the distant parts of the street direct, and by means of the reflector. 

Table II. gives the average. multiplying power of the author's 
reflector fitting as made by the Reason Manufacturing Company, the 
unit of. light being taken as the mean spherical candle-power of the. 
twolamps used in the fitting; the angles at which this factor is given. 
being the useful angles for street lighting ; o? horizontal coinciding with 
the kerb of the рш 


TABLE II. 
‘Vertical Horizontal | Multiplying 

Angle. Angles. Factor. 

30? (from horizontal) ... 90? (across street) 1'05 
i » Шык 70° m 1'5 

Ig a Т x 50? X. 2 | 2' |. 
» ” 30° ‘ ” 30 
» » 10? 29 
ү , о (kerb line) 30 
I: j ide IO (house side) 16 
30 Lus 30 T 0°85 
” ” ... 50 oy | об 


It will be seen from this table that, provided the lamps аге ad- 
justed correctly in-the reflectors, the increase of street illumination. 
derived by the use of the reflector fittings will be much higher than 
claimed, but taking into consideration extra globes, etc., the maximum 
multiplying factor can be taken as 2'5. 

These fittings are free from what is sometimes called “the bull's-eye " 
effect, as the maximum rays are not concentrated into anywhere near a 
parallel beam, but are spread over an angle of 20°, and rays equal to 
twice the mean spherical candle-power of the two lamps are spread 
over an angle of 40°, which is generally е whole width of the road at 
a distance equal to twice the height of the post. 

Best Means of illuminating Different Classes of Streets.—In order to' 
ascertain the most suitable type of lamp to use for the purpose, when 
basing calculations on minimum illumination it is necessary to know the 
candle-power derived from the lamps at an angle of about 20 to 30 
degrees below the horizontal, and about 10 degrees on the path side, 
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and 30 degrees on the road side, of an imaginary line drawn parallel 
to the kerb; this is, of course, for posts erected on either side of the 
road, which is the present-day practice. For lamps giving an equal 
candle-power at all parts of the lower hemisphere, this figure will, of 
course, be the same as the mean hemispherical candle-power ; but for 
lamps such as arc lamps, gas mantles, various types of Nernst lamps, 
and special reflector fittings, it must be taken from actual measurements 
made at the various angles. 

As many of you have probably not the opportunity of making these 
measurements, I submit the following table, No. III., which is based on 
the average of a large number of measurements made in the street 
under working conditions. 


TABLE III. 
showing average mean candle-power of lamps 20° to 30° below 


horizontal, and 10° one side and 30° the other side of a line drawn 
parallel to the street. 


| Watts Candle Power 


| шананы | Sper Hour, | ‘Stated. 
| (1) Flame Type ... i ізі D 400 1,300 
(2) Open-type Arc né жу 2. . 3500 500 
(3) Enclosed Arc ... es gui we» + 1,000 1,100 
(4) ! 550 
à Reason Fi "ON Incandescent Lamps | 200 120 
” 120 79 
60 30 
| (5 Reason Fitting Tantalum Lamps ... 70 IIO 
(9) Nernst Lamps “ A" Type 100-120 40 
(10) Nernst Lamps “B” Type | 50-60 I3 
| | Gas Candle Power 
| Gas Lamps. | Consumed at Angles 
ЭЭЭЭ УЫ | per Hour. Stated. 
п High-pressure Mantles т дш 30 c.f. 515 
20 c.f. 215 
» Intensified Gas, 2 Mantles (City) 75 I30 
(14) 2 Low-pressure Gas Mantles m 75 75 
(15) 1 Low-pressure Gas Mantle 375 37 


In order to ascertain the gas consumption of the high-pressure 
mantles, Nos. 11 and 12, and of the intensified mantle, No. 13, I 
have had to go by the figures in the Gas Journals, in which No. 1 is 
generally stated as 1,000 c.p., giving 30 candles per cub. ft., and No. 2 
as 600 c.p. of the same consumpticn. The candle-powers given are 


- 
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the average of a large number of measurements I have made, which 
agree very closely with measurements made by others. But I would 
particularly call attention to class 13, which is scheduled under inten- 
sified gas, and appears unduly high. In my opinion this is due to the 
mantles being renewed at more frequent intervals, as it is based on 
measurements made in Fleet Street, which, it must be borne in mind, 
is what may be called without prejudice a test case. 

It is now comparatively easy to set down the numbers of posts and 
fittings per mile necessary to obtain the minimum illumination gene- 
rally provided for various classes of streets, but in order to facilitate this 
process it is well to have before you a further table, showing the direct 
illumination derived at various distances from a lamp giving I c.p. at 
that point; with this it is only necessary to find the figure which when 
multiplied by the various candle-powers gives the required illumination 
and then by turning to the distance column and multiplying it by two 
the resulting figure will be the distance separating the posts. 

A statement worked out in this way will be found in Table IV. 
the reference numbers relating to the lamps being the same as in 
Table III. 


TABLE IV. 


DISTANCE APART OF LAMPS OF VARIOUS TYPES TO GIVE REQUIRED 
MINIMUM ILLUMINATION. 


Main Side Suburban 
Thoroughfares. Streets. Streets. 
Min., 0°05 c.p.f. 0°025 c.p.f. 0'005 c.p.f. 


Type of Lamp. 


Distance Posts Distance Posts Distance Posts 
apart. per apart. per apart. per 
Feet. 1,000 yds. Feet. 1,000 yds. Feet. 1,000 yds. 


И i اس ا‎ 
————— 


I. Electric Flame 300 IO — — — — 
2. Open Arc -.| 200 I5 — — — — 
3. Enclosed Arc... | 300 IO — — — — 
4. X » 200 I5 300 IO — — 
5. Reason Fitting IOO 30 I40 21 300 10 
б, » 70 43 100 30 450 13 
7. » " 45 66 65 46 150 20 
8. » ” go 33 130 23 290 10 
9. Nernst Lamp... 55 54 75 40 180 17 
IO » „ Е Dd 45 67 IIO 27 
Gas Lamps. 

II. High Pressure 200 I5 300 IO — 

I2. уу » 120 25 180 17 — 

ІЗ. Intensified ... | 100 30 140 21 — 


14. Ordinary... ... 75 40 105 28 240 12 
I5. » 50 60 75 40 170 17 
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It must be quite understood that the above table is only approxi- 
mate, and that it and the following table, of which it forms a factor, 
are therefore simply for comparative purposes. 

From Table IV. it is easy to calculate the quantity of electrical 
energy and gas consumed for illuminating 1,000 yards of streets, up to 
the various standards necessary with the illuminants at one’s disposal ; 
and if electrical energy be taken at 144. per Board of Trade unit, and 
gas at 2s. per 1,000 cubic feet, a very useful table of comparative costs 
is arrived at. In order to make this approximately annual cost, I have 
taken the burning hours at 4,000; the results are given in the following 
table. 


TABLE V. 
NO. | 
оғ Main Streets. | Side Streets. Suburban Streets. 
System. | | | 

Elec. Units. £ з. d.iKlec.Units £ xs d. Кес. Опи | £ s d. 

I 16,000 100 O О: — - - | — — 

— س | — — 0 18710 30000 | 2 

3 40,000 250 O 0 -— — — Б 

4 36,000 225 о о | 24000 150 O 0: — -- 
5 24,000 150 о О | 16,800 105 5 о | 8,000 50 O O 
6 | 20,640 129 5 O| 1440 90 о о 6,240 | 3811 O 
7 | 1580. 98 15 0| 11000 68 15 O 4,800 30 о о 
8 . 0000 56 50, 6440. 40 5 0. 2,800 1710 О 
9 ! 24000 150 о о. 18,000 11210 O 7,480 , 46 15 o 
IO -— — |! I5000 93 15 О | 6,000 | 37 10 0 

Gas ' Gas ' Gas 
1,000 c.f. 1,000 c.f. ' 1,000 c.f 

II 1,800 180 о о, 1,200 120 0 0, неч == 

12 2,000 200 о о 1360 136 о 0, -- — 
13 оо до 00. 6:0 63 оо ы d - | 
I4 1,200 120 О О, 840 84 оо 360 30 о о | 
о о о о 255 , 2510 0! 
| 


This table may create great surprise in the minds of many, but 
it is absolute proof of a theory which very few people realise, namely, 
that the more the light is broken up into small units, the more 
efficient will be the general illumination ; this fact has been appre- 
ciated as regards indoor illumination, but it has not been applied 
to outdoor illumination ; before saying any more on this point I will 
pass on to the next detail—namely, the cost of maintenance of the 
various types of lamps. 

This, again, I have gathered from various sources, but as the 
interest and sinking fund on mains and services is very rarely charged 
to the street lighting, I propose to leave out this item for the present ; 
on the other hand, I include interest and sinking fund on all apparatus 
proper, including the posts. It has been difficult to obtain any reliable 
information regarding high-pressure gas lamps, but I have included an 
average of that which I have been able to obtain. 
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TABLE VI. 


giving maintenance charges, including renewals, cleaning, lighting, 
and extinguishing, interest and sinking fund, but excluding cost of 
electrical energy and gas. Extended over a period of 4,000 hours. 


| E£ % d 

‚ (т) Electric Flame Arc (long burning 9 о о 
(2) » Open Arc.. 9 о о 
(3) к Enclosed Arê 4 10 о 
(4) - » 4 о о 
(5) " Reason Fitting т о о 
(б) " j гоо 
(7) 3 ^ A as т о O 
(8) " Reason Tantalum Lamps i02 5:0 
(9) „ Nernst es 222 s I2 0 
(109) ., I 2 о 
(11) Gas High- pressure Mantles 7 о о 
(12) , " 5 IO о 
(13), Intensified... Ves 2 5 О 
(14) , 2 Low-pressure Mantles IIS О 
IIO О 


` (I15) „ 1 Low-pressure Mantle 


NoTE.—The maintenance for both gas and electric lamps will of 
course, vary in accordance with local ‘conditions, but the above can be 
taken as a fair average when bearing in mind that the small c.p. lamps 
refer more particularly to small towns and the large lamps to larger 
towns. 

If the above costs be added to those in the preceding Table V., we 
get the results shown in Table VII., which will give the average total 
cost per annum for all night lighting of 1,000 yards of streets, under 
the various requirements and conditions of lighting. 


TABLE VII. 


TorAL COST PER ANNUM (4,000 HOURS) PER 1,000 YARDS OF STREET. 


Electric— ° MAIN STREETS. 
System. Supply. | Maintenance, Total. 

£ d. E = d. | £ s. а 
(1) 100 о o до о о 190 о O 
(2) 187 10 o 135 оо 322 10 О 
(3) 250 о o 45 0 О 205 0 0 
() 225 О О бо о о 285 о о 
(5) 150 о o 25 о O 175 о о 
(6) 120 5 o ` 43 O O 172 0 О 
(7) 9815 o | 66 о o 164 15 0 
(8) 56 5 o IOO 15 O I57 ОО 
(9) 150 оо А 59 8 o 209 8 o 


Gas— 


System. 


(11) 
(12) 
(13) 
(14) 
(15) 


Electric— 


(9) 
(10) 


Gas— 


(11) 
(12) 
(13) 
(14) 
(15) 


Electric— 


Supply. 
& 


180 
200 


36 
25 
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IO 


TABLE VII.—continued. 


ооооооо 


O OOOO 


свсоооо 


ооодоа 


MAIN STREETS. 


Maintenance. 
8. 


= 
о 
сл 
© 
о 


O OOO 


SIDE STREETS. 


5 
m 
юоооо о о | 
сосоооо 


+> 

“4 

бл 
соооо 


SUBURBAN STREETS. 


о O oO 
13 о O 
20 о О 
27 10 0 
18 14 о 
29 14 о 
21 O O 
25 IO О 


190 
126 
120 
114 
103 
156 
144 


190 
229 
IIO 
133 
120 


57 
51 


ч ба O vı O 


ооооов 


Cooccoooco 


O OOOO 


сосооо 
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The foregoing tables demonstrate several interesting points, the 
importance of which I consider cannot be over-rated. They are as 
follows :— 

1. The use of large units of light for general street illumination is 
expensive, and should be avoided where possible. 

2. The cost of maintenance is very often as nigh, if not higher, than 
the cost of electrical energy or gas; it must be borne in mind that in 
the foregoing table electrical energy is taken at 144. per unit—it is very 
often less than this for street lighting, in which case the cost of 
maintenance becomes a still more important factor. 

Possible Improvements, —Before concluding, I should like to give my 
opinion of the directions in which I believe improvements are likely to 
be made with existing electric lamps and apparatus for the particular 
purpose under consideration ; these are :— 

I. Improvements in the methods of connecting and controlling 
electric lamps. 

2. Reduction in maintenance costs. 

3. Correct disposition of lamps and choice of suitable fittings, etc. 

Improvement No. r is probably the one which should be and must 
be dealt with when street-lighting installations are being originated. 
It is bv far too common a practice to connect street lighting across the 
ordinary distributors in the same way as gas lamps are connected to 
the existing gas mains. In the case of gas lamps, nothing could be 
gained by adding to the usual mains, as it is essential that each lamp 
should be lighted individually, without any complicated or wasteful 
ignition apparatus being used. With electric lamps quite another 
condition of affairs exists. А saving of at least 65. per post, which some- 
times amounts to 15s. per annum, can be made by using a separate 
network, and if this street-lighting network is laid on a suitably- 
designed basis—such as that used by Mr. Wilkinson, of Harrogate—a 
considerable saving results. 

Methods of connecting Street Mains.—Mr. Wilkinson has kindly 
given me particulars of the system of street-lighting mains which 
he has recommended for Harrogate; briefly described, it consists 
of laying unarmoured cables in steel tubing situated underneath the 
flags or paving adjacent to the kerbstones. Not only does this 
system dispense with the cost of excavating, but alsó has the ad- 
vantage that the pipes and mains are in a fairly dry and accessible 
place, and can be laid without causing street obstruction. For the 
purpose of comparison I have drawn up Table No. VIII., giving 
the approximate cost of mains and services for гооо yards of street, 
providing for 38 posts placed on one side of the road only; you will 
notice that I have given both series and parallel systems of connecting 
the lamps, for reasons I will describe later. 

NOoTE.—In the series system it is taken for granted that the street 
mains are connected to a distributor or feeder at each end of the street. 
From the above table it will be seen that, provided a suitable system 
of mains is used, the sinking fund will in no way approach the cost of 
separate switching, which point, combined with the advantages of 
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central control, tends to the conclusion, in my mind, that a separate 
network should be put down where possible. 

Choice of Lamps.—It will probably have been noticed that the highly 
efficient incandescent types of lamps which are now being put on the 
market, such as tantalum and osmium, are much more suited for low 
voltage than high; in fact, the high prime cost and reduced lasting 
powers of these lamps is largely due to the attempts the makers have 
made (by reducing the sectional area and increasing the lengths of 
the filaments) to adapt them to the existing pressures of supply 
undertakings. Now, these lamps, provided their lasting properties 
arc improved, are eminently suited for street lighting, on account 
of their high efficiency and steady light-giving power. , 

I have therefore lately been experimenting with these lamps con- 
nected in series with most gratifying results, and trust shortly to be 
able to recommend the supply of these lamps for street-lighting 
purposes. They will be low voltage (10 to 30), with thick filaments, 


TABLE VIII. 


Interest and | Interest and 


| Cost per | Inte 
System. 1,000 | Sinking Fund [Sinking Fund 
Yards. | at 6 per Cent. | per t. 

T m Ее NOE RIDERE NER 
| | ÁÉ $ s. d. s. d. 
, Twin lead-covered armoured... | 30 18 о о | sayo 6 
| Single T series ..! 200 12 ОО 6 3 
, Wilkinson system parallel ... ..l [OO | 6 o o 3- 2 
| ҒА » series ass 75 4 IO о 2 7 
' Connecting to existing distributor ... | до 2 8 о 1 3 


intended to be run in series throughout the street, controlled at the end 
of each series by a magnetic relay switch connected to the previous 
series, in a similar manner to that used for arc lighting by Mr. Robinson, 
of Hackney, and others. А very simple cut.out designed by myself 
prevents a fault in any lamp extinguishing the series. 

I will now give an example showing the cost of installation, main- 
tenance, and supply of energy for lighting 1,000 yards of street on this 
principle. 

Taking the average sidc street requiring a minimum illumination of 
0'025 с.р. foot, using lamps giving a maximum of 40 c.p. in the required 
direction, 38 posts and lanterns would be necessary. If each of these 
is fitted with two osmium lamps giving 10 c.p. each, they will, with 
Reason reflectors, provide the necessary candle-power. 

With a 440-volt distribution, the two lamps in each lantern would 
be connected in parallel; the posts being connected in series, 11-volt 
lamps would, therefore, be suitable. If these are giving 10 c.p. each, 
the filaments would be short and thick and would probably last several 
thousands of hours. 

The diminution of c.p. with the osmium lamp is so small that 2,000 
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hours burning per lamp should be satisfactory. The following 
estimate is therefore probably correct :— · | 


CAPITAL CHARGES. 


E | & s d 
Mains and services ... is Я e 75 о 0 
38 posts erected ТР 4% о е BZ O O 
38 lanterns and reflectors ... 22% .. 45 О О 
. Relay switch and cut-outs, etc. ... 4 23 о О 
í200 0 0 

RUNNING CHARGES (per 4,000 hours). 
£ s d 
` Interest and sinking fund оп above at6p.c. 12 о о 
152 lamps at 3s. 7 i “72 12216: 0 
Cleaning, etc., at 3s. рег post jas .. 514 O 
4,000 units at 14d. per unit. vs .. 25 О О 
Totalannualcost  ... T .. £65 10 o 


Total annual cost per post... e. £114 6 


These figures show that even when including interest and sinking 
fund on all materials and mains, street lighting can be carried out at a 
profit by means of electricity at a price far below the average charge 
for gas when giving the same result as regards illumination. Moreover, 
this system of connecting and control is the best method of embodying 
improvement No. 2, as it permits of further economies, such as 
reduction of burning hours, dispensing with the lamps or some of 
them on moonlight nights. The erection of new posts makes it 
possible to space the lamps at the correct distance for the class of 
street which is to be lighted and the type of lamp to be used. You will 
notice I have taken ro-c.p. 11-volt lamps in the example, but it is quite 
conceivable that, say, 15 or 20 c.p. lamps would result in a further 
saving if the lamp renewals are to cost 3s. ог more, though, of course, 
the diversity factor would be increased. | 

In my calculations it is easy to see that I have not favoured 
electricity in any way. In taking the cost of gas at 2s. per 
1,000 cub. ft. I have taken a price which only r2 towns out of 223 
are able to charge, all the others being higher; whereas rjd. per 
Board of Trade unit is higher than i is being charged by a large number 
of electrical undertakings. 

The price at which electrical energy can be supplied at a profit for 
street-lighting purposes has been so ably dealt with by others that I 
do not propose to say much on this subject, but would ask you to 
consider it from a somewhat novel point of view. | 

As you are aware, the average earning capacity of every kilowatt of 
plant installed is about £10 per annum. A kilowatt supplied during 
4,000 hours per annum represents 4,000 units ; thusin order to earn the 
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same amount per kilowatt on a street-lighting load it would only be 
necessary to charge оба. per Board of Trade unit. I do not suppose 
for one moment an electrical undertaking would expect to make more 
out of their street lighting than out of the average supply, therefore it 
will be seen that in charging 13d. per unit I have probably put the 
figure at more than twice what it should have been in the majority of 
cases. This makes the comparative cost of the two illuminants even 
more accentuated in favour of electricity. 

In conclusion, I trust that I have been able to prove that we have 
at disposal in electricity a force which, if properly applied, can be used 
for lighting streets more efficiently and at less cost to the ratepayers 
than any other form of illuminant available. It rests with electrical 
engineers to advance this branch of our business much more rapidly 
than it has advanced during the last few years. I am not a believer 
in the proverb that everything comes to those who wait. Street 
lighting will not come to those electricity undertakings the engineers 
of which do not use every effort to obtain it. Far too many arc 
prepared to sit still and allow the gas companies to retain this most 
valuable load and even more valuable advertisement. Those who 
have studied the matter carefully are aware that in nine cases out 
of ten the lighting of the streets still remains in the hands of the 
gas companies, simply on account of the business push and acumen 
of their managers. Is it surprising that gas companies in many cases 
retain this branch of the business when many electrical engineers 
are so disinterested in the matter as not to trouble to find out what 
сап be done ? | 

It is a very common practice to leave the choice of lamps, ctc., to 
the lighting committee. This is not fair either to the committee or the 
engineer. The latter is paid to advise the committee, and see that they 
‘get the most efficient apparatus for the purpose ; it is therefore wrong 
that he should use no effort to prevent his employers being misled by 
appearances. Engineers have often said to me, “Тһе committee like 
the appearance of such and such a globe, therefore I have put it in 
to please them.” Would the same engineer have put in a beam engine 
to drive his generators because his committee like to see the beam 
move up and down? Yet the effect of lighting the streets badly would 
ultimately prove a more serious obstacle to the success of that under- 
taking than even the beam engine. I would, therefore, impress upon 
you again the importance of not allowing one of the most valuable 
branches of our business to be absorbed by others, simply because 
they are more persevering in forcing statements and claims they 
cannot substantiate before tlie notice of those who control the lighting 
of our streets. 

Finally, I wish to record my indebtedness to the various gentlemen 
who have so kindly assisted me from time to time by sending me 
particulars of the street lighting under their control. Also to Mr. 
Kent, of Croydon, and Mr. Fairey, of Finchley, for assistance in making 
photometric measurements in the streets, and finallv to Mr. Haydon, 
of Faraday House, who has done much of the tabulating and similar 
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work which has been necessary in order to show the various figures 
of comparison. 
DISCUSSION. 

The CHAIRMAN (Mr. S. L. Pearce): Not the least interesting portion 
of the paper is that dealing with the various methods of measuring 
illumination. Seeing that all tests are made largely for comparison, 
I think it preferable to focus the light and measure the normal ray 
at various distances from the source of illumination. This method 
eliminates all reference to the angle of the screens, and also disposes 
of any consideration regarding height of lamps. Direct illumination, 
of course, means making an adjustment every time a measurement is 
made at a different angle, but this adds nothing appreciably to the 
length of time taken ; every photometer maker takes this point into 
consideration in the design of the instrument. With reference to the 
Manchester curves, the candle-power foot for the normal ray was 
measured at different distances from one source of illumination, 
and then the photometer was turned round and similar measurements 
taken from the second source. Two overlapping curves were thus 
obtained, and by summing these a third curve was arrived at, which 
gave the total maximum illumination sent to any point from the two 
sources of light. I cordially agree with the author that the use of 
a few large units of light for street illumination does not give the best 
results, but I am not prepared to go to the limit Mr. Harrison did 
in the other direction. 

Professor A. SCHWARTZ : I sympathise with the author's evident 
desire for simplicity, but I am afraid that in endeavouring to attain this 
simplicity the author has partly disregarded some matters of funda- 
mental importance. In common with most engineers, he has almost 
totally disregarded questions of colour, steadiness, and suitable 
intrinsic brilliancy, and the consideration of these is very important. 
If you recognise that the human eye has been developed under the 
influence of sunlight, you will agree that that artificial light which 
most closely approximates in composition to daylight will be the 
most suitable for seeing by. Daylight is only white about noon, and 
as the sun sets, more and more of the blue rays are filtered out by the 
atmosphere and the light becomes more yellowish in character. I am 
in favour of an artificial light with the same tendencies ; some arc 
lamps which are bluish and Welsbach lamps, which are greenish, 
are not so visually useful as they might be. Further, on examining 
the spectrum of daylight with a photometer, about 8o per cent. of the 
total luminosity will be found to reside in the yellow region. With 
regard tothe question of intrinsic brilliancy, it should be a fundamental 
rule of proper illumination that all radiants of high intrinsic brilliancy 
should be kept out of the field of view as far as possible, unless pro- 
tected with diffusing globes. I consider high-temperature filaments; 
such as in the tantalum, osmium, and Nernst lamps, particularly when 
furnished with the author's reflecting device, too trying if not shaded 
and if mounted on short posts. The author has stated that the process 
for obtaining contour curves after the manner of Mr. Trotter was so 
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laborious and intricate that he could not advise any one to undertake 
it. Stimulated by this remark, I have, in conjunction with my colleague, 
Mr. C. Е. Smith, taken some of the interesting and valuable illumination 
curves obtained by Mr. Pearce for the Manchester streets, and I have 
plotted the contours by a simple graphical process, shown in Fig. A. 
Considering the illumination from two sources, А and B, the 1 candle- 
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Fic. B.—Curves for Gilbert Arcs. 


foot contour could be plotted from the intersection of circles of equal 
illumination, described about А and B as centres. Figs. B and C show 
contours obtained in the case of the Gilbert arcs in Albert Square and 
the intensified gas outside the School of Technology. I do not quite 
know what the author means by the term diversity factor, but I 
presume it refers to the rate of change of the illumination, in which 
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case it will not be sufficient to know only the maximum and minimum 
values, as the author claimed. The iris at full aperture has an area of 
from 15 to 20 times that of its minimum opening, and its rate of accom- 
modation is slow, being several seconds, and it must be borne in mind 
that the real criterion of visual usefulness is not the illumination, but 
the product of the illumination and the effective aperture of the iris at 
the time. 

Mr. D. L. SANDS : I see no reason whatever for using a fixed photo- 
meter screen, though 45 deg. is probably the best angle for a fixed 
screen. The author in objecting to the use of a movable screen states 
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* that it requires another adjustment every time a measurement is made, 
thus not only complicating the design of the instrument, but also 
increasing the time occupied in making the tests" My experience is that 
with a direct-reading photometer the adjustment objected to by the 
author can easily be made in five or six seconds, and that this adjustment, 
besides enabling the operator to obtain the direct illumination from the 
sourcé of light, insures that the source is in strict alignment with the 
photometric axis. Fig. D illustrates these points. The disc on being 
turned from the sighting position A (normal to incident beam) to the 
testing position B (midway between lines A and C), presents the same 
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angle of incidence to both light sources, then the value C P/a is the 
direct illumination from the source under test—;.e., illumination on a 
surface in position A, the value CP being the candle-power of the 
standard lamp employed. The illumination on a horizontal surface at 
this point can easily bc obtained by multiplying the value C P/d? by the 
sine of the angle contained between lines А and C. А great advantage 
of this arrangement is that the further away from thc light source the 
photomcter is placed the more nearly normal does the disc become to 
the incident beam, whereas in the case of the screen fixed constantly 
at 45 deg. the incident beam is exactly normal to the disc at a point 
in the street which is as far distant from the lamp standard as the light 
source is above the photometer ; but if the photometer is moved in 
either direction from this position the angle of incidence is increased, 
and consequently the sensitiveness of the instrument is depreciated, 
especially in the case of low-intensity street Jamps. 

Mr. J. G. NEWBIGGING (Chief Engineer Manchester Corporation Gas 
Department) : I defend the value of the opinion of “the man in the 
street" whose views on street lighting are quite unbiasscd, although 
treated with contempt by the author. I do not know on what grounds 
he claims that electrical engineers have less antipathy to the actual 
measurement of street lighting than gas engineers have. The latter 
have everything to gain by such a method of comparison, because, on 
the author's own showing, a so-called 1,000-c.p. arc lamp only gives 
an actual light of 600 candles, or 40 per cent. less than the nominal 
power. If photometrical observations were taken of a nominal 
1000-c.p. gas light and a nominal 1,000-c.p. arc light at intervals of, 
say, 1o minutes over a period of several hours, it would be found that 
the gas light would give a greater percentage of efficiency than the arc 
light, and this is the only true basis of comparison on photometrical 
lines. It is, however, well known that the varying conditions existing 
in the streets, such as vibration and the state of the atmosphere, render 
the comparisons on photometrical lines alone not absolutely reliable. 
There is another point in making a comparison between clectric arc 
lighting and incandescent gas lighting that must not be lost sight of, 
and that is, in the case of electric arc lighting the whole of the light 
is reflected downwards by the aid of reflectors, whereas in the case of 
incandescent gas lighting a portion of the light is allowed to travel 
upwards. This accounts for the increased illuminating power which 
has been obtained by Mr. Pearce and others when taking photometrical 
observations of the two systems of street lighting. It is a moot point 
whether the reflecting of all the light downwards is advisable, because 
the sharp line which divides the darkness above the reflector and the 
light below the reflector creates an oppressive effect on those walking 
in the street. It is, after all, largely on the general lighting effect 
by which different methods of strect lighting will be judged, and I 
maintain that if this general effect in the one case is better than in the 
other it is impossible to prove by photometry that the opposite is 
the case. According to Mr. A. C. Morton, the chairman of the Streets 
Committee of the City of London Court of Common Council, since the 
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replacement of some of the City lighting by incandescent gas they had 
been getting four times the light for the same money. In comparing 
the respective prices charged for gas and electricity, the author states 
that in taking the cost of gas at 2s. per 1,000 cub. ft., he has taken 
a price at which only 12 towns out of 223 were able to charge, all the 
others being higher, whereas 14d. per Board of Trade unit is higher 
than was being charged by a large number of clectrical undertakings. 
I would like the author to show me the electricity undertaking in exist- 
ence that is able to make the same percentage of profit, or, in fact, any 
profit at all, on their capital outlay, by charging an average all-round 
price of 144. per unit, as the gas undertakings do who charge 2s. per 
1,000 cub. ft. Making a comparison between the gas and electric 
undertakings of Manchester, I find the gas undertaking had last year 
a surplus profit twelve-and-a-half times greater than the electrical, 
taking the respective capital outlay in both cases into consideration, 
so that to make a fair comparison of the cost of street lighting on the 
two systems it would be necessary for the electrical undertaking to 
increase largely their charge of 2d. per unit for street lighting. The 
argument brought forward by the electricians that as the street- 
lighting customer is a heavy-load customer they are able to supply 
him at a less cost applies equally to the gas undertaking. I am of 
the opinion that the question of the respective values of gas and 
electricity for street lighting, both from the point of view of 
effectiveness and cost, can only be settled by each department in a 
town or city having allotted to it an equal area, say a street or 
square, and each undertaking the lighting on a basis to be agreed 
upon, the total cost in each case of capital outlay and maintenance 
carefully noted, and the consumption of gas and current properly 
registered, photometrical observations of the lights being taken on 
equallines. I am convinced that incandescent gas lighting has nothing 
to fear, and will in the future still more firmly establish itself as the 
best and cheapest method of lighting the streets. 

Мг. Н. B. MAXWELL (communicated) : The author bases his whole 
paper on the supposition that the proper thing for street lighting is a 
small source of light placed at short distances with a certain standard 
of illumination at the darkest point. This would be correct if the 
ordinary ratepayer wished to read * Bradshaw " in the street, and at the 
particular point where the illumination was lowest. "This, however, is 
not what is required, but that any one walking or driving down a street 
may see obstructions, or other objects, at the greatest distance. My 
experience is that objects on the street at some distance from the 
observer are not distinct, and at certain positions relative to the lights, 
are quite invisible with such a system of lighting as incandescent gas, 
or the Reason reflector fitting. "The latter is undoubtedly effective 
in giving a greater light than with incandescent gas, at a slightly lower 
cost, but surely we should aspire to something vastly superior to that (I 
am of coursereferring to ordinary lighting, and not to costly advertise- 
ments like the Kingsway and Aldwych lighting), and I am satisfied that 
really good results can only be obtained with the more efficient arc lamp. 
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I should very much like to know where the author got his figures M 


for the maintenance of arc lamps. They must be purely an estimate, 
and a very poor one at that. He states in Table VII. that the cost of 
maintaining 500-watt arc lamps, including carbons, wages, repairs and 
interest and sinking fund, is £135 for fifteen lamps, or £9 per lamp 
perannum. For the past two years I have been maintaining 300 arc 
lamps taking 625 watts each at a cost of £4 per lamp per annum. 
This price was obtained’ with six men working altogether, four ladders 
and with 26-foot poles, which is exceptionally high. I should be very 
much pleased to maintain any number of 500-watt arcs on lower poles, 
with more modern arrangements, at £4 10s. per lamp per annum, or in- 
cluding current at £13, as compared with £21 105. per lamp per annum 
estimated by Mr. Harrison. I should, on the other hand, be very sorry 
to undertake arc street lighting with enclosed lamps at double the figures 
given in Table VII. for maintenance. The author has taken such great 
care to give only actual figures as to candle-power, etc., that it is a 
pity the accuracy, and hence the value, of the paper has been spoilt by 
these estimates. I was pleased to see that he is able to state from 
actual measurement that the present lighting in Fleet Street is inferior 
even to the old antiquated arc lanterns, for that was certainly my 
impression when I recently saw it. I should like to say in con- 
clusion that in spite of mistakes it is the most interesting and instruc- 
tive paper I have read, especially that portion dealing with thc 
photometric measurements of lamps. 

Mr. А. P. TROTTER (communicated): The utmost simplicity is desir- 
able in giving names to physical units. We speak of “watts per 
candle" or “candles per watt." А candle is no good unless it is 
emitting light at the rate of a candle-power ; һепсса “ candle-foot " is 
better than a “ candle-power-foot." I admit that the “candle-foot” is 
open to objection, for it is not, like all other compound units, the 
product of two others, but it is the quotient, and is more strictly ex- 
pressed as a “candle per square foot." Many years ago the editor of 
Industries criticised the “ candle-foot," and suggested, on the lines of 
the “mho,” that it should be called a “ candle-toof-toof." А “candle 
per square foot" is rather misleading, for the square comes in arith- 
metically, and not as an area. I prefer the “ candle-at-a.foot." The 
expression is clear but uncouth. In writing on photometry it need not 
be used more than once, and may then be attended to as c/f. The 
dimensions of the International “lux,” of which 1272 go to a candle- 
foot, are much more convenient. 

There are two reasons why illumination should generally bc 
measured on a horizontal surface, in cases of street lighting. Ап 
inclined surface cannot receive light equally from several sources. In 
some cases so many lights are concerned that it is difficult to get near 
the photometer without screening it from one or more lamps. In com- 
paring the illumination of important public places, or large railway 
stations, no useful measurement can be made without taking into 
account the effect of many lamps. It is very desirable that the illumi- 
nation of а well-lighted place such as a railway station should be 
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Mr. Trotter. simply expressed, at least as a minimum, if not more precisely. Then 
tenders could be invited to a specification, and electrical or gas 
engineers should be able to estimate, and the result could be tested, not 
perhaps as accurately as the horse-power of a steam engine, but as 
closely as the coal consumption. Another reason for the horizontal 
screen, and the one given in my paper,” is that though such illumina- 
tion must not be the only consideration of outdoor lighting, a fairly 
uniform illumination of the ground is the most difficult tosecure. Ifa 
satisfactory minimum is produced, the rest of the lighting may be left 
to take care of itself. I do not admit that the difficulty of measuring 
feeble illumination isa reason for not using a horizontal screen. With 
a good photometer, measurements down to 0'003 c/f? are possible, and 
o'or c/f is easy. | | 

It is true that there are laborious and somewhat intricate parts in 
my paper of 1892, but I put down all that seemed worth recording in 
the hope that some of it would be useful in the future. The plotting 
of theoretical contour curves, so far from being tedious, is an inte- 
resting amusement requiring no mental work. I drew on sheets of 
tracing paper a number of circles having radii representing contours in 
«ІР. from one source of light. Tables are given in the paper, from 
which these radii may be taken. I laid two or three or more such 
sheets one over the other, marked the intersections, as Professor 
Schwartz has done, and joined the intersections by curves. The same 
sheets will do for any desired arrangement of lamps, and may be used 
over and over again, the resultant curves being drawn on a sheet laid 
over all. | 

Mr. | Mr. H. T. HARRISON (in reply): In reply to Mr. Maxwell’s remarks 

icon (communicated), І am sorry he was unable to be present, as in that case 
I should have asked him in what way my paper is based on the 
“supposition that the proper thing for street lighting is a small source 
of light placec at short distances, with a certain standard of illumination 
in the darkest part" I did take for granted that, provided certain 
standards of minimum illumination in the darkest parts were considered 
sufficient, certain numbers of posts per r,ooo yards would be required, 
depending on the candle-power of the lamps erected on each post, and 
proceeded to work out the annual costs of the various systems 
accordingly. Mr. Maxwell also appears to be under the false impres- 
sion that I based this minimum standard of illumination on the 
possibility of reading “ Bradshaw ” ; this is an absolute misstatement, as 
the only time I mentioned that railway guide was when considering the 
practical value of illumination, when I referred to it as a usual test. If 
Mr. Maxwell was in the habit of reading literature on illumination, he 
would continually come across this rough test, for it is not so foolish as 
he appears to think. A certain degree of illumination is necessary 
before anybody with average eyesight can read printed matter, there- 
fore it was necessary to choose some particular book or paper which 
was always printed in the same size type, on the same quality of paper, 
and which could not be read by the context. This was no doubt the 

* Minutcs of Proc. of Inst. of Civil Engineers, vol. cx., 1892, p. 69. 
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reason why Mr. Trotter chose the “ Bradshaw” for this purpose in 
1892, and why many others have chosen it since. It must be obvious 
to Mr. Maxwell that if the degree of illumination is sufficient to read 
“Bradshaw,” it will be ample for the other purposes he mentions, which 
have all been referred to in my paper. 

I wish Mr. Maxwell had given us his opinion as to the degree 
of illumination * we should aspire to,” as that is the point I wish to 
settle; and that he would also bear in mind that that degree of 
illumination does not depend on what lamps are used—cither gas, arc 
lamps, or Reason fittings—but on the distance at which they are placed. 
He goes on to say that lie is satisfied that really good results can only 
be obtained with the more efficient arc lamps, by which I conclude he 
means the lamps used in Partick. I have no doubt that the lighting of 
the main streets in Partick, where the lamps are placed 180 ft. apart, is 
excellent, and that it is fairly good where they are placed 240 ft. apart ; 
in the side streets it is also good at 300 ft. apart, but at 540 ft. the dark- 
ness between the posts must be very noticeable, and the difference 
between the maximum and minimum illumination (or diversity factor, 
as I prefer to call it) in the last two cases must be very great. The 
point is—could the lighting of the side streets have been carried out 
equally efficiently and more economically by other means? I venture 
to say it could ; for instance, to light 1,000 yards of side streets Mr. 
Maxwell uses ten 625-watt open-type arc lamps, thus producing a 
minimum illumination of 0'025-с.р. ft.; the cost of maintenance he 
puts at £4 per post (but does not state if this includes interest and 
sinking fund), thus the cost per 1,000 yards at 14d. per unit works out 
as follows :— 


625 X IO X 4,000 X I'5 __ 
nds E {150 5s. 


Maintenance = £4 X 10 = 4) 05. 


Total... -— ... 196 55. 


Electrical Energy 


By referring to Table VII., under Side Streets (the minimum illumina- 
tion of which is only 4 per cent. lower than thatin the above example), 
it will be found that any of the systems exemplified, except No. 12, 
would have been less costly and the diversity factor would have been 
reduced. Mr. Maxwell would like to know where I obtained the 
figures for maintenance of arc lamps, as he thinks they must be purely 
an estimate, and, as they do not agree with the figures he gets at 
Partick, he considers they spoil my paper. I was under the impression 
that I had made it quite clear that the figures in my paper аге based, 
where possible, on averages taken from a large number of undertakings, 
and the fact that these figures relating to maintenance are much nearer 
the average than those obtained at Partick, is borne out by Mr. Pearce's 
and Mr. Robinson's estimates.* I would also like to point out to 
Mr. Maxwell that low cost of maintenance of open-type arc lamps does 


* Electrician, vol. lvi., 1905, p. 4. 
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not always pay, as it often means using inferior carbons, careless adjust- 
ment, and dirty globes, which will reduce the light-giving power of an 
arc lamp by 50 per cent. For instance, Mr. Simmance's prolonged 
tests in the streets of Portobello (Edinburgh), which have just been 
published, show that the 500-watt arc lamps at that place give an 
average maximum of 320 c.p. ; this can only be due to the causes above 
stated. I am surprised that Mr. Maxwell would prefer to maintain open- 
type arc lamps requiring carboning every 32 hours for a less sum than 
enclosed lamps, requiring carboning every тоо hours, especially as the 
latter contain less than half the mechanism of the former. 

In reply to Mr. Trotter's remarks (communicated), as regards the 
names given to units, I must point out that I took these as I found 
them. І have avoided using the “lux,” not because I do not realise 
that it is an excellent unit, but because it has not come into general use. 
The two reasons which Mr. Trotter gives for using a photometer with 
a horizontal screen are both good, but, in my opinion, not good enough 
to overcome the incidental disadvantages. Mr. Trotter appears to have 
overlooked the fact that I was considering the illumination of streets, 
and not of public places or large railway stations. Even if I had been 
considering the latter, I doubt whether horizontal illumination is as 
important as vertical ; for instance, many of us must have come across 
instances where the platform of a railway station was excellently 
illuminated, but it was impossible to read the time tables on the walls. 
This is, therefore, a good example of my point that the illumination of 
vertical surfaces is often as important as that of horizontal surfaces. 
Moreover, it is a great question whether the effects of many lamps fixed 
in all directions should be added together in order to ascertain the 
illumination resulting ; take, for instance, the simple example of two 
lamps in a street, the illumination on the faces of two pedestrians 
meeting between these lamps is only equal to the illumination derived 
from one lamp ; but even the value of that illumination would, in the 
majority of cases, be more than the combined result derived from both 
lamps on a horizontal screen, owing to the average height and distance 
apart that most street lamps are placed ; therefore, for the purpose of 
comparing street lamps, illumination on screens at an angle of 45 deg., 
representing approximately the average between horizontal and vertical 
illumination, will probably be found the best gauge of efficiency. Mr. 
Trotter is quite correct in stating that a fairly uniform illumination of 
the ground is the most difficult to secure. It is also the most difficult 
to measure, For instance, in his paper, which he refers to, he had to 
admit that in ordinary streets “the illumination is so very feeble that 
exact measurement is very difficult" ; but I would remind him that if 
he had been using a screen at the angle I suggest, instead of a 
horizontal screen, the minimum illumination on the measuring screen 
would have been six times as great, thus reducing the difficulty of 
making the measurement. 

In reply to the Chairman's remarks, I may point out that the method 
of adding the illumination derived from two sources together leads to 
error if the measurements are those of direct illumination taken between 
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those sources of light, as no person can see both sides of an opaquc 
object, and, therefore, they benefit by the illumination from one 
source only. Iam glad that the Chairman has come to the conclusion 
demonstrated by the figures given in the paper, namely, that a few 
large units of light do not give the best results. As regards the limits 
to which the multiplication of small units of light should be carried, I 
consider this is a question of cost. I am glad that Professor Schwartz 
sympathises with my desire for simplicity, but I sec no signs of a 
similar desire on his part, or he would not lay so much stress on the 
question of colour or other zesthetic considerations, of which the public 
are by far the best judges. The contour curves plotted by Professor 
Schwartz and his method of arriving at them are interesting, but I havc 
long ago come to the conclusion that public lighting authorities arc 
only irritated by the sight of contour curves, and prefer comparisons in 
figures. The term “diversity factor" means the ratio the maximum 
illumination at the brightest point of measurement bears to the 
minimum illumination measured in the darkest part. The assumption 
that it refers to a rate of change necessitates a time factor, which 
is unnecessary. Moreover, Professor Schwartz must bear in mind that 
the iris of the eye does not in any way affect the degree of illumination, 
but only the value of it to the individual. 

Mr. Sands’ statement that the adjustment of the angle in a flicker 
head of the Simmance-Abady type takes only five or six seconds does 
not agree with my experience. I have used this instrument for the last 
two years, and made thousands of measurements withit. It is true that 
the time taken is very short, provided there is enough light to see thc 
reading on the sector, but, as this is rarely the case when making 
measurements in side streets, much time is wasted in striking 
matches, etc. 

I am very much pleased that Mr. Newbigging was able to be 
present, as he has confirmed my statement that gas engineers have an 
antipathy for street photometry by saying that it is impossible to prove 
anything by photometry, and that he prefers to fall back on the “ man in 
the street." I may point out that I have stated in my paper that I place 
a considerable value on the opinion of the public as to street lighting, 
but not on that of any individual, as the individual is called upon to 
judge on a subject which he knows little about, and is often misled 
by appearances. Mr.Newbigging's reference to Mr. Morton's statements 
concerning the City is unfortunate, as up to the present nobody has 
been able to find half the increase of light promised when the sample 
lamps now running in the City were erected, even though the newest 
thing in gas lamps has displaced nearly the oldest type of electric 
lamps. 
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ORIGINAL COMMUNICATION. 


ON THE TESTING OF CAST-IRON AND OTHER 
MATERIALS BY THE EWING PERMEABILITY 
BRIDGE. 


Being a Report on Research Work carried out at the 
National Physical Laboratory. 


By ALBERT CAMPBELL, B.A., Associate Member. 


The investigation here described was undertaken with a view to de- 
termining a suitable method of testing bars of widely different magnetic 
properties by means of a Ewing Permeability Bridge. The research 
was Carried out in the National Physical Laboratory, at the desire of 
the Director, who has taken constant interest in the progress of the 
experiments. It was felt that the magnetic testing of cast iron was of 
considerable practical importance, and also that in connection with the 
metallurgical work of the Laboratory, magnetic tests on rods of various 
alloys were sometimes required. The bridge, as Professor Ewing has 
pointed out, was intended for the comparison of bars of somewhat 
similar quality, and has been used with success for such comparisons 
in some of the experiments detailed below. Professor Ewing informs 
us that the soft-iron standard supplied with the instrument is only suit- 
able for the usual work of testing iron for dynamos, magnets, etc. (of 
nearly carbonless steel or forged iron). It was necessary, therefore, to 
provide and calibrate a series of standards near in magnetic quality to 
the cast-iron and other materials to be tested. Тһе general scheme of 
experimenting was as follows :—A number of standard test pieces were 
prepared from materials covering a range of magnetic quality as wide 
as possible ; their magnetic curves were determined by Ewing’s small 
yoke method, and finally they were compared in various ways by the 
permeability bridge. For the sake of clearness in what follows, I shall 
say a few words on the usual working of these methods, referring the 
reader for further details to Professor Ewing’s book “ Magnetic Induc- 
tion in Iron and other Metals” (3rd edition). 

In the Small Yoke Method the two similar bars have a magnetising 
coil and a secondary coil slipped over each, and are then united to form 
a closed magnetic circuit by two small yokes consisting of blocks of 
iron clamped to the bars. Two sets of ballistic readings are taken with 
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this circuit : (r) with a clear length of rod equal to 4x centimetres, and (2) 
with the clear length reduced to 2x centimetres. If H' be the value of 
а аҗы. ты: oN: in case (1) and H” be its value in case (2), Professor Ewing 
has shown that the correction for the yoke reluctance (to be subtracted 
from H’) is equal to H"-H'. The correction is most easily applied by 
drawing H'-B and H"-B curves. 

Materials of Standard Test Pieces.— Thegmaterials used comprised the 
following:—Soft iron, mild steel, tool steel, cast iron, and one of 
Heusler's alloys. Of these, the soft iron was the pair of standard rods 
supplied with the instrument ; the cast iron was obtained from several 
different foundries ; whilst the specimens of Heusler's alloy were made 
in the metallurgical department by Mr. Longmuir.* The last-named 
alloy consisted of copper, manganese, and aluminium in the propor- 
tions roughly of 62: 30:8; in making it we aimed at poor magnetic 
qualities. 

As it was found that the permeability curves obtained for bars of the 
above materials did not form a sufficiently complete series, the following 
method of filling in the gaps was tried, and proved quite successful. In 
addition to bars of the standard dimensions, pairs of tubes were con- 
structed of the same outside diameter as the bars and of various sizes of 
bore. Seamless steel tube was found very convenient for some of the 
sizes. ‘The two heaviest pairs of tubes, however, had to be bored out of 
the solid. It was also found possible to adjust the cross-sections of the 
tubes by filing a flat all along the length. Two pairs of the tubes were 
treated in this way, and, when care was taken in placing them in the 
clamps, no abnormality was noticed in their behaviour. All the tubes 
were tested іп the same way as the bars, the apparent permeabilities 
corresponding to the standard cross-section being determined. Thus 
the tubes afforded a series of what might be called “diluted ” permea- 
bilities. [What I call the “apparent” flux density B, is the total flux 
divided by the sectional area of a bar of normal diamcter.] 

Tests by the Small Yoke Method.—The separate bars or tubes in each 
pair were chosen to match each other as well as possible, and for this 
purpose they were compared for equality in the bridge. Іп several 
cases the agreement was practically exact up to Н==гоо, but for some 
of the materials I had to be content with pairs which differed at some 
points of their curves by 3 to 4 per cent. in Н (for the same B). After 
this process of matching, each pair was tested by Ewing's small yoke 
method. When the bars do not differ much, it may be assumed that 
this method will tend to strike the average value for the pair. The 
curves had a small correction applied on account of the area of the 
secondary winding being considerably greater than the cross-section 
of the bar. (Even at H=100 the correction appliéd to B is only 
about 40.) 

Tests on Rings.—In order as far as possible to corroborate the results 
obtained for the rods and tubes with the small yokes, a number of tests 


* Heusler's manganese alloys are composed of metals which by themselves do not 
show magnetic properties, and yet some of the alloys are as magnetic as cast iron. 
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were made by the ordinary ballistic method upon rings of some of the 
materials. As it is a very difficult matter to ensure that rings and rods 
shall be identical in magnetic quality, the results of two sets of these 
tests seem of sufficient interest to be given in detail. 

Sel 1. Cast Iron.—A bar was cast of diameter 3 cm. and length 50 cm., 
and in the same box with it there was cast at the same time a ring of 
about 12 cm. mean diameter. This ring was turned down to suitable 
thickness for the ballistic tests (the cross-section being about 1 sq. cm.), 
and from the rod were turned two bars for the yoke method (about 
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Fic. 1.—Cast-iron Rods and Rings cast together. 


9 mm. diameter), and two small rings of 274 cm. mean diameter, one of 
them being cut longitudinally and the other circumferentially from the 
large bar. These were all tested without annealing, and the results are 
shown in the curves of Fig. 1. It will be noticed that the H-B curve 
for the large ring lies between those for the two small ones, while, as 
would be expected, the ring cut longitudinally shows fair agreement 
with the two rods. The general agreement here appears to give a good 
amount of support to the accuracy of the small yoke method. 

Set 2. Mild Steel.—Very small rings were obtained by cutting short 
pieces off the mild steel tubes. To give an idea of their smallness 
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Fig. 2 shows end views of two of them drawn to full size, their walls 
being about 0°6 and оў mm. thick respectively. Each ring was insulated 
with silk and wound with 50 turns of fine insulated wire to form the 
secondary winding. As the inside diameter was very small, being only 


° O 


FIG. 2.—Small Rings (full size). 


7 or 8 mm., very little space was left for the winding to carry the 
magnetising current. It was found by experiment, however, that a 
sufficiently uniform Н could be obtained by making the primary 
winding in the form of a sheaf of eight or ten insulated wires quite 
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Fig. 3.—Small Ring and Tubes annealeditogether. 


filling the inside of the ring, and straight for about 5 cm. on either side. 
The distribution of the return paths of these wires appeared to be 
almost immaterial to the result. By making the ballistic tests very 
quickly, it was found possible to run the current density in this primary 
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winding as high as 2,500 amperes per sq. ст. (15,000 amperes рег sq. 
inch) without undue heating, and thus values of H as high as 100 were 
attained. Two sets of results are shown in Figs. 3 and 4; in these the 
curves for the tubes show the real (not “apparent” ) yalues of B calcu- 
lated for the actual section of the iron. In the first set (Fig. 3) the ring 
and tubes had been annealed together (at 800° C.), while in the second 
(Fig. 4) the material was in the condition in which it was received from 
the makers. 

The agreement here shown between the curves for the rings and the 
tubes (particularly for those annealed together) seems almost as close as 
could be expected, and hence forms additional evidence in favour of 
the small yoke method. 

Diagram of Standard Curves.—In Table I. are given particulars of а 
number of standard pieces used. 


TABLE I. 

Standards. Description. ' 
ds s d a ... Soft Iron Rods. 
b, d, e] Mild Steel Tubes 

p vis mk ss г 
sandy f Mild Steel Tubes 

(with filed flats). 

38 se ET oe ... Heusler's Alloy. 
m ... Tool Steel Rods 
n... is e NN e рі » (annealed). 
P. is Se a ... Cast Iron Rods (annealed). 
q es ” » » 
T ... Cast Iron Tubes (bored). 


For each pair of these standard pieces tests by the small yoke 
method gave two curves, viz. (1) the H'-B, curve, in which H' is the 


apparent value of the magnetizing field (ESS) observed for the 


full length of the rods not corrected for the yokes, and B, is the 
apparent flux-density, assuming the cross-section of the bar to be of 
standard size; (2) the H-B, curve, where H has the corrected value 
found in the usual manner by testing the rods also at half length. 

The H-B, curves for a series of the standard pieces are shown in 
Fig. 5, each curve having been determined by the small yoke method, 
i.e., by exactly the same procedure as that used for standardising the 
soft iron bars (a) supplied with the bridge by the makers. It will 
be noticed that the use of tubes makes it easy to construct a series 
of standards ranging from very good to very poor magnetic quality. 
All the curves from а to h run in a very similar manner. In striking 
contrast to these is the curve g, which is for annealed cast-iron rod 
(also by the small yoke method). To each of these curves there 
corresponds ап Н:-В, curve. This second series of curves is wanted 
for the method of crossing points described below, but for clearness I 
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have omitted it from Fig. 5. After their curves had been determined 
by the small yoke method, some of the standard bars were then com- 
pared with one another (by the ordinary method) in the permeability 
bridge. Two examples of this intercomparison will be sufficient to 
indicate the general nature of the results obtained ; these are shown in 
Fig. 6. In this figure the curves d, g and k are the H-B, curves for 
three of the tube standards, whilst the dotted curves g, and g, show the 
apparent curves obtained for tube g by testing it in the bridge against 
tubes d and л respectively, and using the H-B, curves already drawn 
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Fic. 4.—Small Ring and Tubes. 


for d and h. It will be noticed that both of these dotted curves are 
considerably in error from the true curve g, the instrument showing a 
tendency to bring the curve of the test piece too near that of the 
standard in each case. Similar results were found with solid rods. It 
is quite clear, therefore, that samples with curves as far apart as d, g and 
h cannot be successfully compared with one another by the ordinary 
use of the bridge. 

Method of Crossing Points—The difficulty can be surmounted to a 
great extent, however, by using the bridge mainly for testing exact 
magnetic equality, in other words to determine the respective points at 
which the H'-B, curve of the test piece crosses each of the standard 

Vor. 86. 15 
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H?-B, curves. By arranging that the curves shall not cut one another 
too obliquely, it is easy to determine these crossing points with good 
accuracy. The practical procedure is as follows: The bridge is set 
with equal numbers of turns (say 200 for each bar), the test piece and 
the lowest standard are placed in the clamps, and after demagnetis- 
ing if necessary, the magnetising current constantly commutated is 
20000[—- 
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gradually raised from a lower value, until an exact balance is obtained. 
The value of the current for which this occurs gives the H: for the 
first crossing point ; by replacing the first standard by the next higher 
one, and continually raising the current, another point is found, and 
so on until a sufficient number of points is obtained. When the 
standards are suitably selected it will usually be found that no more 
than two or three crossing points are required to give, with sufficient 
accuracy, the part of the unknown curve that is of importance in 
practice. Тһе intermediate curves of the series shown in Fig. 5 cover 
a range suitable for testing various kinds of cast iron. It will be 
noticed that the crossing points thus found are only points on the 
curve uncorrected for the reluctance of the yokes and joints. To 
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Fic. 7.— Tests by Crossing Points. 


obtain the corresponding points on the H-B, curve it is necessary to 
know the value of H'-H. To find this we have no choice but to 
assume this correction to be the same in the bridge as it is in the 
small yokes. Again, since at a "crossing point" an exact magnetic 
balance is obtained, we may reasonably assume the correction (H'-H) 
to be the same for the tested bar as for the standard. From the two 
sets of curves (1) and (2) already mentioned (H'-H) is known for all 
the standards, and thus the corrections might be applied. But I have 
found that the following easier method gives somewhat better agree- 
ment with the experimental results. The values of (H'-H) correspond- 
ing to B, — 1,000, 2,000, 3,000, and so on, were tabulated for a variety 
of different rods and tubes, and an average struck for each value 
of B,; the mean values of (H'-H) thus obtained were used as the 
corrections in what follows. 
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In order to test the accuracy of the Method of Crossing Points, 
several pairs of cast-iron and tool-steel rods and tubes (both with and 
without annealing) were tested by the small yoke method and their 
curves drawn. When the crossing points were observed, nearly all of 
them were found to be in very fair agreement with these curves. For 
example, іп Fig. 7 the curves f, 4 and r were obtained for cast-iron rods 
and tubes by the small yoke method, while the small crosses (x x x) 
show crossing points found independently by testing the same speci- 
mens against each of the standard tubes e, f, гапа h. Thecurves m and 
n were similarly found for tool-steel rods (without and with annealing 
respectively), and the small circles (© © (2) show crossing points with 
the standards. For the last two curves, m and л, the crossing points at 
H = 30 are considerably off the line. The discrepancy does not seem 
to be due to errors of observation, for the tests when repeated showed 
the same results. 

The cast-iron and tool-steel pieces of Fig. 7 are also useful as 
additions to the series of available standards, and in some instances one 
of the standards may be similar enough to the tested piece to allow of the 
bridge being used in the ordinary way, but in all cases the Н:-В, curves 
of the standards should be used instead of the corrected H-B, curves 
which are commonly employed. It may be of interest to mention that 
the various materials compared in the bridge were very different among 
themselves in the matter of Time Lag of Magnetisation. It is well- 
known, for example, that soft iron and mild steel show this effect 
strongly.* In many of the comparisons the difference of time lag 
showed itself very clearly by causing the needle of the bridge magnet- 
ometer to give a violent throw and then settle down toa steady position. 
In all the experiments this initial throw was disregarded,+ and the 
balance was obtained by reducing to zero the steady displacement. It 
seems quite possible that the large differences in magnetic lag may 
account for some of the crossing points not lying quite on the curves 
obtained with the ballistic galvanometer (whose complete period was 
about 8:5 seconds). 

The results given in this paper are only a part of a larger series 
actually obtained ; tests were made on about тоо pieces in all. Most 
of these test pieces were made under the superintendence of Mr. Jake- 
man, to whom I would here express my best thanks. My thanks are 
also due to Dr. Carpenter and Mr. Longmuir for their kind help in the 
preparation and annealing of some of the specimens. 

* Fora recent research on the subject, see R. Jouast, Bulletin de la Société Inter- 
nationale des Electriciens, ser. 2, vol. iv., No. 40 (1904). 


t The importance of working in this manner was clearly pointed out by Professor 
Ewing in his original description of the instrument. 


JOURNAL 


OF THE 


Institution of Electrical Engineers. 
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Proceedings of the Four Hundred and Thirty-fourth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
January 25, 1906—Mr. Jonn Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Meeting held on January 11, 
1906, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 
TRANSFERS, 
From the class of Associate Members to that of Members— 


Arthur J. Hodgson. | John Gray Scott. 
Philip J. S. Tiddeman. 


From the class of Associates to that of Members-— 
Frank Hope-Jones. 
From the class of Associates to that of Associate Members— 
Edward A. Shaw. 
From the class of Students to that of Associate Members— 
Sidney B. Haslam. Thos. B. L. Newstead. 
Owen L. Ibert. Edgar P. Perkins. 


Messrs. А. E. Levin and W. Н. Wraith were appointed scrutineers 
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of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


james Mark Barr. 


Percy Albert Blake. 

Robert Bucknal Bowker. 

Herbert Charles Gray. 

John Aitken Hoffe. 

George Wray Hopkinson. 

Thomas  Braithwaite 
Howell. 

George William Clarkson 
Kaye. 

Ernest Hugo Leonardt. 


Frederick William Hartmann. | 


Herbert Bamford. 

Geoffrey Bartholomew. 

Herbert A. Bathurst. 

Samuel Ernest Roland 
Beecroft. 

Reginald Claude Bowhay. 

Robert Stanley Brown. 

Frank Buggs. 

Charles Albert Butcher. 

Alfred John Burford Corn- 
wall. 

Louis Gabriel Dalais. 

John Darwen. 

William James Davis. 

George Seward Dearling. 

Arthur Douglas. 

V. E. Faning. 

William Ford. 

George Freeman. | 

Cyril Charles Garland. 

D. C. Garner-Richards. 


As Members. 


| Lieut. Frederick George Loring, R.N. 


As Associale Members. 


Charles George Henry 
Lewis. 

William Duncan Mac- 
gregor. 


Norman Mathias. 
Charles Powis Medley. 
James King Murray. 
Ernest Arthur Norris. 
Joseph Anthony Rivé. 
Robert Rowland. 


As Associates. 


As Students. 
Arthur Granville Gordon. 
Ernest O'Donnell Grover. 
Peter Harris. 

Alfred Gordon Herring. 

Lewis William Hipwell. 

Wildsmith Henry Janson 
Holloway. 

E. C. Laughton. 

Louis Francis Raphael 
Lewin. 

Charles Robert Lodge. 

Robert Seton Logan. 

John Joseph McKenna. 

John Alexander M'Keown. 

John Leeson Moffet. . 

Lancelot Derrick Mor- 
phew. 

Frank Murphy. 

Chalmers Nicol. 

Charles Esmond Night- 
ingale. 


Charles Joyce Russell. 
William Thomas Stewart. 
Grey Thorne-George. 
Hermann Paul Wange- 
mann-Bock. 
Archibald Henry M. Ward. 
john William Warr. 
james Edward Williams. 
John Harcourt Williams. 
Thomas Wilson. 


George Johnson. 


George Herbert Nott. 
S. O'Hara. 

William Robert Poole. 
Roland John Prankerd. 


. Cecil H. Reid. 


Sam Reid. 

Richard James Rooney. 
Cyril Hunter Ryley. 
Harold Robert Scarlett. 
Henry Smith Scott. 
Robert Acheson Sheldon. 
Kenneth L. Shoobridge. 
William Duff Stewart. 
Frank Woollaston Timmis. 
Archibald Henry Tongue. 
S. К. D. Tyssen. 

Edward Warnant. 

Arthur George Warren. 
Ernest Ansley Watson. . 
Owen John Williams. 
John Wilson. 


Donations to the Library were announced as having been received 


since the last meeting from the American Institute of Electrical 
Engineers, Dr. H. Borns, F. B. Crocker, The Electrician Printing and 
Publishing Co., The Engineering Standards Committee, Gauthier- 
Villars, Dr. A. E. Kennelly, J. E. Kingsbury, The New York and Ohio 
Co., R. Oldenbourg, The Patent Office, J. F. Simmance, G. Thomas- 
Davies, The U.S. Bureau of Commerce and Labour, Whittaker & Co. ; 
to the Building Fund from Messrs. W. Golledge, A. P. Hutchinson, 
R. F. Looser, F. S. Miller, J. T. Morris, Н. C. Silver; and to the 
Benevolent Fund from Messrs. G. J. Gibbs, R. Robertson, H. C. Silver, 
W. C. P. Tapper, J. С. Wilson, to whom the thanks of the meeting were 
duly accorded. 

The meeting adjourned at 9.30 p.m. 

The following paper was read and discussed :— 
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TECHNICAL CONSIDERATIONS IN ELECTRIC 
RAILWAY ENGINEERING. 


By F. W. CARTER, M.A., Associate Member. 


(Paper read January 25, 1906.) 
INTRODUCTION. 


In preparing a paper on the use of electricity as the motive power 
for railways, an author is apt to be embarrassed by the wealth of 
material to hand, and to find some difficulty in so defining the scope 
of the paper as, on the one hand, to furnish an adequate treatment of 
the particular branch of the subject chosen, and on the other, to avoid 
divagation into some of the many intercsting by-paths which the 
subject offers. 

It is proposed in the present paper to deal in a gencral way with 
the technical side of the electrification problem, neither entering to 
any great extent on the larger questions of economic engineering nor 
including descriptions of apparatus and material. The technical en- 
gineering will be found a sufficiently extensive subject for the purpose 
in view, whilst its importance can be gauged from the fact that general 
questions of finance and economic engineering can only be entered 
upon after a full technical investigation of the case in hand. It is, 
perhaps, because generalisation has been attempted without detailed 
investigation that so much of a misleading character has been pub- 
lished on this subject, tending to create and foster the idea among 
railway men that electrical engineers do not really grasp the conditions 
of railway work, or, like much that has been written on the single-phase 
question, raising expectations that are not likely to be realiscd. 

In the course of the paper the author will give details of the methods 
employed in investigating the preliminary and exact engineering 
features of the electrical system, basing his work for the most part on 
the use of continuous-current railway motors, as applied to suburban 
service under conditions obtaining in this countrv. The methods 
employed will, however, be quite general, and applicable to other 
systems than that particularly considered. 

The complete determination of the engineering features of an 
electric railway system necessitates a large amount of careful and 
detailed work in order that every part may be framed adequate for 
its duty and no part excessive. The labour involved in full investiga- 
tion is, however, amply recompensed by {һе saving in capital outlay 
arising from the avoidance of superfluous plant, and the minimised 
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operating troubles and smaller expenses arising from the plant being 
suitable and sufficient for the requirements. 

The engineering problem can be, and should be, attacked in a 
strictly logical manner. Beginning with the requirements of the system 
in respect to the moving of passengers or goods, a suitable train-driving 
equipment is first determined. The power and energy consumption of 
the train is then computed and the daily traffic estimated. Afterwards 
the generating plant and distributing system are laid out to suit the 
traffic requirements. The general process is simple, but every parti- 
cular case will be found to disclose a host of special circumstances, 
modifying the details of the engineering scheme and calling for the 
exercise of great care and judgment. 

The size, importance and location of the system will affect the 
engineering details throughout. In a system operating but few trains, 
these may with advantage be made smaller and arranged to accelerate 
at a lower rate than might be advisable and practicable in the case of 
a large and crowded system, in order to diminish the overload capacity 
necessary in generating and distribution systems, since this is likely to 
govern the capacity of the plant. Suitable provision must always be 
made to minimise the trouble and delay due to a breakdown, but the 
amount of capital that can be economically sunk in spares, duplicate 
feeders, and standby plant will depend largely on the importance of 
the system. 

The chief classes of service between which it appears necessary to 
distinguish for the purpose of this paper are : (1) urban and suburban, 
(2) branch line and inter-urban parliamentary, (3) long-distance express, 
(4) goods. These differ in their requirements chiefly with respect to 
(1) rate of acceleration and speed up to which it is necessary to maintain 
the maximum rate, (2) behaviour on grades, (3) maximum speed attain- 
able on level track. The chief electrical systems available for railway 
service are: (1) the continuous-current system, (2) the single-phase 
alternating-current system, (3) the polyphase system employing induc- 
tion motors. There are, therefore, numerous alternative combinations 
of service and system, many of which can, however, be disposed of 
when the general principles have been elucidated. 


GENERAL DYNAMICS. 


The action of a railway motor depends practically on two variables 
only, and for a motor whose characteristics are known, when the 
voltage and current are given, the speed and tractive effort at the 
driving wheels are determined. The effect of the motors on the train 
depends upon, (1) weight of train, (2) inertia of rotating parts, (3) train 
resistance. 

The weight of train to be employed in calculating the acceleration 
due to any force is a certain spurious “ effective weight," composed of 
the true weight and an increment due to the rotation of the wheels and 
armatures. This increment is not difficult to obtain and will be merely 
stated here. If W be the weight of a wheel, 7 its radius at the tread, and k 
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its radius of gyration, the increment of weight due to the rotation of the 
wheel is W (5. In an average steel railway wheel (5) == об 


approximately. If М be the weight of an armature, r its radius, А” its 
radius of gyration, and y the ratio of gear reduction, the increment 


of weight due to the rotation of the armature is М” (у ү = W’ 


к” ; к ; 
( у. For a continuous-current armature ( py" = 0'5 approxi- 


pr 
mately. Thus if W = боо lbs., W' = 1,600 lbs, y = 3, = 2 {һе 
addition for rotary inertia will be approximately 480 Ibs. per wheel 
and 1,800 lbs. per armature. 

In the case of suburban trains operated by continuous-current 
motors, the amount to be added on account of rotary inertia will 
usually be some 8 or то per cent. of the weight of the train, whilst 
with single-phase alternating-current motors the increment may amount 
to double as much, on account of the greater number and weight of 
armatures and their generally higher peripheral speed. 

The forces resisting the motion of the train consist of the easily 
calculated positive or negative component due to grade—proportional 
to the actual weight of the train—and the rather uncertain “ train 
resistance,” composed of journal and flange friction, air resistance, etc. 
There is a lack of reliable data on the resistance offered to the motion 
of electric trains, which it is hoped will soon be supplied. The classical 
results of Aspinall * were obtained from measurements made behind a 
locomotive and tender, and accordingly do not include the head resist- 
ance, which is a very important element in the case of electric trains 
of two or three coaches. The Berlin-Zossen + high-speed train resistance 
tests were made with a single coach of totally different type to those 
usually employed in this country. Pending the publication of more suit- 
able data, the author has combined the results of the above-mentioned 
sets of tests to obtain the working curves of Fig. 1, which he has found 
to agree very fairly with the results of such isolated tests on electric 
trains as he has been able to make. The variable portion is expressed 
in terms of the dimensions of the train, rather than of the weight, since 
it must represent principally air resistance, and therefore at any speed 
can depend only on the external configuration of the train. The 
constant portion of the resistance, which is taken from the above- 
mentioned tests at such low speeds that the static resistance just ceases 
to be apparent, is probably expressed with sufficient accuracy as pro- 
portional to the weight, and appears to be 24 lbs. to 34 lbs. per ton. 
The total train resistance is therefore the amount deduced from the 
curves of Fig. 1, increased by 24 to 34 lbs. per ton. 

A light train of given external dimensions will, except at low spceds, 
meet with almost as great a resistance as a heavicr built one of thc same 


* Minutes of Proc. of Institution of Civil Engrs., vol. cxlvii. p. 155. 
T gournal of Institution of Electrical Engrs., vol. xxxiii. p. 894. 
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dimensions. A train of many coaches experiences much less resistance 
per coach or per ton than one of two or three coaches, particularly at 
high speeds. These facts are allowed for in the curves of Fig. I. А 
long-distance high-speed train should, for efficiency, be composed of 
many coaches, whilst the weight is a secondary consideration. A 
frequently stopping low-speed train, on the other hand, should be built 
light, but whether it is composed of few or many coaches is of small 
importance as far as efficiency is concerned. 
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Fic. I.— Train resistance curves, giving the variable component of train resistance. 


The resistance due to the friction of brushes, motor journals, and 
gears, is usually charged to the motors, the tractive effort of which is 
supposedly measured at the rims of the driving wheels. It accordingly 
does not affect the train resistance during the time power is being 
supplied to the motors, but should be included during the time of 
coasting or drifting. 

Of the energy supplied to the train, part is dissipated in motors and 
controlling apparatus, part is employed in overcoming train resistance, 
whilst the remainder imparts kinetic energy to the train and is dissi- 
pated during braking. The proportions of the several components are 
shown in Fig. 7 for typical suburban service employing continuous- 
current motors. The energy required to overcome train resistance 
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amounts very nearly to two watt-hours per ton-mile for every pound 
per ton train resistance. The kinetic energy dissipated during braking 
varies as the effective weight of the train, and as the square of the 
speed when brakes are applied. The energy dissipated in motors and 
gears will be some то or 12 per cent. of the input, whilst from 6 to 12 
per cent. will usually be dissipated in starting rheostats. In the single- 
phase system the losses in motors, gears and controlling apparatus will 
usually be at least as great per ton-mile as in the motors, gears and 
rheostats of the continuous-current system, chiefly on account of the 
much lower efficiency of the motors. It will be seen that, in suburban 
work, a considerable fraction of the energy is dissipated during braking. 
In order to reduce this, suburban trains should be built as light as 
practicable, and run at as low a maximum speed as is consistent with 
the required schedule speed. A high rate of acceleration and a high 
rate of braking retardation are therefore desirable, since with these 
given the maximum speed can be kept down without diminution of 
schedule speed. As a general rule the best gear to employ with the 
motors is the lowest speed gear that will perform the service with a 
suitable margin for eventualities, provided, of course, that there is 
sufficient weight on driving wheels to stand the high accelerating 
tractive effort of a low-speed gear. It will be seen from Fig. 4 that the 
energy consumption is considerably affected by the rate of accelera- 
tion, particularly when stops are frequent and speeds high. 

Whilst discussing energy consumption it might be well to issue a 
warning against the abuse of the ton-mile basis. As long as we deal 
with a particular system of electrification, the energy consumption is 
well expressed in watt-hours per ton-mile, but in comparing different 
systems with one another it should not be overlooked that the weight 
of train incident to a system is also a factor in the energy consumption. 

The continuous-current railway motor is characterised by the fact 
that within the limits of practicable and efficient operation it has a 
large range of torque and a moderate range of speed. As usually 
geared, it is possible to obtain a torque of ten to fifteen times that re- 
quired to overcome the train resistance at the maximum speed attained 
on the level, the high torque being maintained until the speed reaches 
approximately a half of the maximum. The characteristics of this 
motor, however, are well known and need not be further discussed 
here. Fig. 2 shows these characteristics for a typical continuous- 
current railway motor. 

The polyphase induction motor is also well understood. Its 
efficient range of torque is moderate and the corresponding range of 
speed very small. 

Single-phase alternating-current railway motors are of two general 
types—the compensated series and the repulsion type. The former is 
characterised by having its range of practicable and efficient operation 
between synchronous speed and two or two and a half times as much ; 
whilst the latter operates below and up to synchronous speed, above 
which the commutation is bad. Both types show the same general 
speed-torque characteristics—the range of torque being considerably 
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smaller and the range of speed somewhat greater than in the con- 
tinuous-current railway motor. 

Fig. 3 shows typical speed and tractive effort curves for the con- 
tinuous-current, the single-phase alternating-current, and the poly- 
phase induction motor. The scale of co-ordinates is arbitrary, and in 
comparing the several motor types together, the abscissa or ordinate of 
any curve may be supposed increased or diminished in such proportion 
as may be desired to render the comparison suited to the class of 
service considered. 
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Fic. 2.— Characteristic curves of a continuous-current railway motor. 


Knowing the train resistance, grade, and tractive effort of the 
motors at any speed, we can deduce the tractive effort available for 
producing acceleration, whence—from the effective weight of the train 
—the rate of acceleration. It is now a question of simple dynamics to 
deduce speed-time and speed-distance curves, whilst from the motor 
characteristics the power-time, current-time and other train charac- 
teristic curves may be deduced. The method of calculation need not 
be further entered into here, but it may be stated that for an isolated 
problem—such as the determination of train characteristics correspond- 
ing to the average schedule run for any service—by far the best 
procedure is by the point-to-point method. Where, however, it be- 
comes necessary to make a calculation for an extended run involving 
stops at irregular intervals, and taking account of grades, curves, and 
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other circumstances affecting the running, the point-to-point method 
becomes exceedingly long and tedious. The author has devised an 
analytical method * of treating the problem which is fully as accurate 
as the point-to-point method, and much less laborious in its application 
to a general case, although involving some preliminary calculations 
which detract from its advantages if a simple problem only is in hand. 
The method is particularly worked out to suit the continuous-current 
railway motor, but can readily be adapted to the case of any motor 
having a drooping characteristic— such, for instance, as the single-phase 
alternating-current railway motor. 


Tractive effort. 


ES 
Ж 
Ш 
S 
uh 
"m 
id 
plas 
ym 
РДІ 
u 
ЕЛІ 
A 
LY 
Li 
a 
Е 
N 
Ж 


| 
Fran үт ү алар se р 
ا‎ eH 
ПИШ ШЕ ШШ cg as 


Fic. 3.— Comparative speed and tractive-cffort curves of railway motors. 


In regard to the reliability of such calculations as referred to above, 
and the accuracy with which the results represent the service perform- 
ance of the train, it may be said that, if intrinsic circumstances—such 
as the motor characteristics and the weight of train—are known, and 
accidental circumstances, such as voltage and passenger load, can be 
fairly estimated, the calculated results will very closely indicate the 
mean service performance, and will agree well with tests made under 
suitable average conditions. No greater margin is necessary, therefore, 
in deducing a practical schedule from the calculations, or in determin- 
ing the expected energy consumption, than must in any case be 


* Trans, American Inst. Elec, Engrs., vol. xxii. p. 133. 
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allowed in order to take care of low voltage, bad driving, unusual train 
resistance, or other detrimental deviations from average conditions. 
The schedule that a given train is capable of, or the equipment 
required to maintain a given schedule, can generally be very closely 
computed by assuming as the distance between stops the average of 
the several actual distances, and, furthermore, assuming the track to be 
level. Both schedule speed and energy consumption will be nearly 
the same for this average run as the schedule speed and average 
energy consumption deduced from the actual runs. Unless and until 
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Fic. 4.—Energy consumption of trains operated by continuous current. 


conditions are fully known, it is not, in the majority of cases, worth the 
labour to compute train characteristics for the actual runs. 

If there is considerable difference of level between terminal 
stations, the averages in the foregoing statement must be assumed to 
apply to runs in both directions along the line. Moreover, the stations 
are supposed to be promiscuously distributed with respect to the 
grades. If,as in the case of the Central London Railway, the line is 
specially graded so that stations occur at the top of two grades, the 
schedule speed with a given equipment will be increased and the 
energy consumption diminished. If, on the other hand, the stations 
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are for the most part at the foot of two grades, the schedule speed 


will be decreased and the energy consumption increased. 


The typical schedule run may be divided into four elements, corre- 


de N 


ИН Ер ШЇ ШЕ ШЕ Ж ЧЕ |8] Ж IGI. Lr) pe 
WGERGEYESXSES TAREE 
ИПИ ELSE М ПЫ AJ bu не |: 
ИИО ШЕШН ОЕ ТА А T о 
== SESS RRR SER eee EEE 


| == Ha 5-а 
Г! үү [Рр {Р нун атт Ке eee 2 


LELE atA LI ШИ REN TT 
тшше Жош шй И “ҸҸ 

И а Е ЕЛАК te ЕА Е 
ЕЕ A BO ШИЯ ПЁ БЕ ут ЧЫ р | УШ ПИ ЫП рй > 


E 
м 
ж 
Е 
НЕН 
idi 
m 
= 
a 
m 
a 
Ld 
ғ 
i 
S, 
Wi 
/ 
74m 
гат 
ж 
Е 
üt 
Е 
* 
hi 
bor 


Li a 
E 
Ж 
gg 
їй 
ры E 
А Ж 
м a 
E B 
s £ 
- z 
a 
— n 
1% 
H ЕГІ 
Е аш 
a AW 
a =| | 
B 3H 
E Ж 
x % 
А 
Ж 
2 
E. ae 
шу; n 
E 
a 
ЫЕ 
Е Ж 
и а 
- 
т 
5 34 
Mean running speed, (МРН) Xx V5 


а => 
"rs 


2, 


KEMERA‏ ا ا لا اا ا 
EOS US EIS М LE OK Fd EN EORR UR UN ғ‏ 


әш c доде A x ‘чие jo T ued yy 
е, о о о 8 Q 0 0 


О 
e 

. Q0 9 О 0 2 
E е $$ 3$ 3 EROR B 2 $ À у? 
eju doas A x urea yo ач#үәмиод sed {=а|)‹аиәшаирә jo quSiaa\ 


Fic. S.— Power and weight of electrical equipment of eine operated by 
continuous current. 


However, for any particular type of motor, if average 


curve running, (3) coasting, and (4) braking. Since any of these 
elements can be varied, it follows that a run can be made in many 


sponding respectively to (1) accelcration to the speed curve, (2) speed- 


different ways. 
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values be assumed for the amount of coasting and rate of braking, the 
remaining variables can, for practical purposes, be expressed in a 
system of curves, from which the particulars and performance of the 
train can be deduced. Such a system of curves for continuous-current 
motors as employed in suburban service is shown in Figs. 4 and 5, and 
these will be found useful and sufficient for preliminary calculations. 
In obtaining these curves, the characteristics of a normal railway 
motor were taken, and from them was deduced aset of train character- 
istics, corresponding to different rates of acceleration and different 
ranges of speed-curve running, care being taken that the motor was 
always employed as it actually would be in normal suburban service. 
The effective weight of the train was taken as 8 per cent. in 
excess of the actual weight. Coasting was assumed to occupy 174 per 
cent. of the total running time. The average rate of braking was 
taken at 1°75 miles per hour per second. For train resistance, 
constant figures of 13 lbs. per ton while power is on and 15 lbs. per 
ton during coasting were assumed, it being impracticable to allow 
these figures to vary with the speed, since any point represents a 
variety of speeds, as explained below. 

Fig. 6 shows typical train characteristics of this system correspond- 
ing to acceleration at 1°5 miles per hour per second. The three 
curves are of the same area, and the distance represented will be 
found to be one mile divided by the number of stops per mile, as of 
course it should be. In order to understand the reason for choosing 
the co-ordinates employed, suppose a particular run is made in f 
seconds, the distance being 4 and the number of stops per mile fi; SO 
that nd = 1 mile. Let the speed at any point be s. 

Next consider a run in which both time and speed are changed in 
any the same proportion, x, so that the curve retains its shape but 
merely varies its linear dimensions in this proportion. The area will 
vary as х2. We may therefore write :— 


lasls 05.0 Ad. 


But nd =n а. 


n 
n-a nu, rema 


accordingly "Мп = dn 
апа s Jn =s Jn 


It follows, therefore, that if we take (time х /n) as abscissa, and 
(speed x ,/п) as ordinate in Fig. 6, all speed-time curves having a 
definite shape will be reduced to a single curve, and all such runs will 
be represented by a single point on the curves of Figs. 4, 5 and 7. 
This method of treatment was pointed out to the author by Mr. E. H. 
Anderson, of the General Electric Company, New York, who has 
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employed it in deducing general curves for his own use, somewhat 
on the lines of Figs. 4 and 5. 

Referring again to Fig. 6, and considering a speed-time curve of 
definite shape, the power required at any point will vary as the speed, 
and, therefore, inversely as Ул. The energy consumption per run, 
varying as the power and as the time, will vary inversely as n. The 
energy consumption per mile, being n times the energy consumption 
per run, will be independent of л, and depend only on the shape of the 
speed-time curve. Accordingly Fig. 4 gives energy consumption 
directly in watt-hours per ton-mile. 

Fig. 7, showing how the energy input given by one of the curves of 
Fig. 4 is finally dissipated, practically explains itself. It will be seen 
that with little speed-curve running the loss in braking predominates, 
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Fic. 6.—Typical train characteristics for trains operated by continuous current. 


whilst with much speed-curve running the energy is principally 
employed in overcoming train resistance. In other words, where stops 
are frequent the total energy consumption depends largely on the 
weight of the train (see page 234), and where infrequent on the train 
resistance. Scries-parallel motor-control is, of course, always assumed 
in these curves. 

The power output of the motors during а run is very variable. It 
starts at zero and rises with the speed during the period of acceleration 
on resistance. Then, with the speed still rising, but more slowly, it 
falls off continually, due to decrease of tractive effort. The maximum 
power will be developed at the instant when all resistance is cut out, 
with motors in parallel—that is, when the motors are taking the асссіс- 
rating current at full voltage. This is the power plotted in Fig. 5. It 
will usually, though of course not necessarily, be approximately the 
rated horse-power according to the rule of the American Institute of 
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Electrical Engineers given in the next section. This rule was, in fact, 
devised in order to provide a good test for the motors at the normal 
accelerating current—that is, the average maximum current at which 
the operation must be perfectly satisfactory. With the horse-power 
reckoned in the above manner, the weight of the electrical equipment 
is taken as 40 lbs. per horse-power. This is an average figure for the 
weight of motors and controlling apparatus employed in suburban 
service, which must, of course, only be treated as a first approximation. 
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Fic. 7.—Dissipation of energy in trains operated by continuous current. 


We are now in a position to estimate the weight of the train and the 
total power of the equipment, and to determine the power and number 
of the motors. Alittle trial and adjustment may be necessary, as the 
equipment will be heavier than the above figure (which is based on 
ISo-H.P. to 175-H.P. motors) if many motors of small power are 
employed, whilst motor trucks are considerably heavier than trailing 
trucks. Moreover, the weight on driving wheels must be determined 
before the equipment can be finally settled on, in order to discover 
whether the adhesion is sufficient to stand the tractive effort of the 
motors. The accelerating tractive effort should not exceed about 
17 per cent. of the weight on driving wheels in the case of trains driven 
by motor cars, operated by the multiple unit system of train-control— 
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wherein it is impracticable to sand the rails in front of all driving 
wheels in bad weather. Where locomotives are used, however, the 
average accelerating tractive effort may be allowed to amount to 24 or 
25 per cent. of the weight on driving wheels, if efficient provision 
is made for sanding the rails in case of need. 

Having taken account of all dynamical considerations and decided 
upon a suitable driving equipment, we should next determine the 
energy losses in the motor in order to discover whether its capacity is 
sufficient for the service. This matter is treated in the following 
section. If the equipment is found suitable from this point of view, 
we may proceed to determine the exact particulars of the average 
schedule run, the energy consumption per ton-mile and per train-mile, 
and the maximum and average power taken by the train. If deemed 
advisable we may determine the train characteristics for a whole 
journey, including the effects of the actual grades, slowing down whcre 
necessary at curves and junctions, and generally investigating the most 
suitable manner of operation. 


SERVICE CAPACITY OF MOTORS. 


In the preceding section we have shown how, from the requirements 
of the service, the dynamical characteristics of the motors necessary 
for driving the train may be deduced. It does not follow, however, that 
- any motor having the required characteristics and capable of giving 
the required power without injurious sparking would be capable of 
standing the service continuously without overheating. 

There does not at present appear to be a general agreement as to 
how railway motors should be rated. The most generally followed 
rule is that of the Committee of Standardisation of the American 
Institute of Electrical Engineers,” according to which “the commercial 
rating of a railway motor should be the H.P. output, giving 75? C. rise 
of temperature above a room-temperature of 25°C. after one hour's 
continuous run at 500 volts terminal pressure, on a stand, with the motor 
covers removed." The rule is, however, by no means universally 
followed in this country—the motors employed on the Liverpool 
Overhead Railway, for instance, are apparently rated on some other 
basis. The rule was devised to suit the needs of continuous-current 
tramway motors, and whilst satisfactory for the purpose of comparing 
such motors with one another and useful in providing for a good 
running test at heavy load, which subjects the motor to a considerably 
higher temperature than would be aimed at in use, it furnishes no 
criterion as to whether the motor will suit a given service. Moreover, 
it lacks flexibility in specifying a test at 500 volts, which may differ 
considerably from the voltage for which the motor is designed, and at 
which it is intended to be operated. There 15 no practicable and simple 
method of rating a railway motor competent to express its rcal service 
capacity, and it is onlv by experience in actual service or by suitable 


* Transactions American Instifute of Electrical Engrs., vol. xix. p. 1085. 
t Electrical Review, vol. li. p. 21. 
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service tests that the sufficiency of a motor for its duty can be 
determined. 

Service tests do not take account of all the circumstances incident 
to actual service, but they nevertheless form a satisfactory basis for 
an estimate of service performance. They are made by suitably 
gearing the motors and causing them to drive a car or train of 
suitable weight, making repeated and uniform runs on level track 
under known service conditions until the temperature of the motors 
becomes uniform. The large thermal capacity of the motors prevents 
the temperature appreciably following the intermittent applications of 
power, and a steady temperature is attained when the average rate of 
energy-waste in the motors balances the power dissipated in radiation 
and convection. If a number of such tests are made for different 
types of run, the results, suitably expressed, can be employed to 
estimate the performance in any service. A test, leading to one point 
on the curve, occupies from twelve to eighteen hours, and should be 
checked by a repetition test in order to reduce the effects of accidental 
circumstances. It will be seen, therefore, that the series of tests 
necessary to determine the service capacity of a motor will consume 
considerable time and money. 

Amongst manufacturing firms, the General Electric Company of 
New York appear to have developed the investigation of service 
capacity of railway motors to the greatest degree, and their present 
eminent reputation for railway appliances is probably due in large 
measure to their scientific and painstaking methods of ascertaining 
the capacity and limitations of their apparatus and discovering its 
defects in service. A brief account of their methods of making 
service tests and expressing the results may therefore be given here.* 

The runs of a test are made as far as practicable at constant voltage, 
constant mean accelerating current, constant time with power on, 
constant total time between starts, and constant distancé run. Accurate 
records of current and voltage are obtained by means of recording 
instruments specially designed for this class of work.| Temperatures 
of armature and field coils by resistance and of field coils and frame 
by thermometer are noted hourly, whilst final temperatures of armature 
core and commutator are ascertained immediately on finishing the 
run. In expressing the results it is assumed that the temperature rise 
will be proportional to the energy loss in the motor, and that otherwise 
it will depend chiefly on the manner in which the energy loss is dis- 
tributed between armature and field coils. Accordingly, from the 
ammeter and voltmeter records the best possible estimate is obtained 
of the average energy loss in the armature and the field coils—the 
armature core loss having been previously obtained from stand tests. 
Curves are plotted from the tests having as abscissa the ratio of 
armature loss to field coil loss (the so-called ratio of distribution), 
and as ordinate the temperature rise per watt loss, one curve being 


* Armstrong, Street Railway S'ournal, vol. xvii. p. 289, and Е. W. Carter, Journal 
Inst. Elec. Engrs., vol. xxxii. p.i 1104. 
t Trans. American Institute of Electrical Engrs., vol. xxii. p. 689. 
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plotted for the armature and another for the field coils. The appear- 
ance of the resulting curves for a large railway motor is shown in 
Fig. 8. 

In making use of the thermal characteristic curves to determine the 
temperature rise in a motor proposed for a particular service, the 
average values of armature and field coil loss are calculated for the 
cycle of operations which the servicc involves. From these, the ratio 
of distribution is deduced ; from the thermal characteristics, the tem- 
perature rise per watt loss; thence and from the losses we finally 
obtain the actual temperature rise of both armature and field coils. 

The design of the motors should be such that for a service involving 
frequent stops—where they take the accelerating current for a consider- 
able fraction of the time that power is on—the field coil temperature is 
the higher, whilst ina service involving much free running the armature 
temperature should be the limiting feature. 

Fig. 9 is deduced from Fig. 8, and expresses the thermal characteristics 


Degrees rise (Cent) per watt loss. 
$, . С) 


I z $ 4 
Ratio of distribution. 


FiG. 8.—Service thermal characteristics of a railway motor. 


of the motor in a different manner. It shows the total clectrical loss 
which causes a limiting temperature rise in field coils or armature of 
бо? C. There is not a very large variation in energy loss for different 
classes of service, and as a first approximation one might affirm that, 
with a given frame, and a definite arrangement of perforated covers or 
other heat-dissipating devices, the permissible electrical losses are 
definite. A motor dynamically capable of a given service will therefore 
be suitable for continuous use on that service, provided the permissible 
electrical losses are not exceeded. These losses ina continuous-current 
railway motor of good design and considerable power usually amount 
to between 6 and 7 per cent. of the input. 

The study of service capacity is of the utmost importance to the 
designer, who is thereby guided to arrange that the dynamical capacity 
of a motor shall correspond with its service capacity when used in the 
class of service for which it is designed, and so to distribute the losses 

VoL. 86. 17 
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between armature and field coils that they may rise about equally in 
temperature in average service. 


. TRAFFIC. 


Having finally settled upon the driving equipment and determined 
the maximum and average power taken by a train, it becomes necessary 
to make the best possible estimate of the amount of electrically operated 
traffic upon all parts of the system at all times, in order that the 
generating and distributing systems may be devised to suit the duty to 
be imposed upon them. In the case of an entirely new railway, the 
estimate must be based on knowledge derived from similar ventures 
elsewhere, modified according to the local circumstances. Where, 
however, it is in connection with an existing steam-operated system that 
` electrification is contemplated, great assistance can usually be derived 
from a study of the time-tables of the system. These have been evolved 
to suit the needs of the locality served, and so form a secure foundation 
for the required estimate. | 
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Fic. 9.—Service thermal characteristics of a railway motor. 


As a general rule, when the directors of a railway begin to 
consider electrification, it is with the idea of increasing the passenger- 
carrying capacity of the system. In fact, except in the case of under- 
ground lines—where considerations of cleanliness and comfort may 
predominate—there is very little to be said in favour of converting 
from steam to electrical operation, if it is only required to handle the 
same amount of traffic as is already dealt with by the steam trains. 
Usually, therefore, it will be found that at some time in the day and at 
some part of the system, the traffic is already practically all that can 
be handled. Sometimes there is a terminus from which the empty trains 
cannot be withdrawn fast enough ; sometimes there is a bottle-neck near 
a junction or terminus through which trains cannot be passed at more 
than a certain rate. In any case the limiting conditions should be made 
the subject of very careful investigation, and the corresponding limits on 
the electrified system should be estimated as closely as possible. Con- 
sidering the great increase of traffic that usually results from an 
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improved service, it will generally be advisable to lay out the electrical 
scheme with the limiting traffic in view. 

A very useful curve can be obtained from the time-tables of asteam 
road, by plotting the number of trains in service as ordinate against 
time as abscissa. Such a curve for a certain London suburban service 
is shown in Fig. то. It may be taken as showing the probable general 
shape of the power-house load curve, no account, however, being taken 
of the variations їп load at starting a train or cutting off power. If we 
are able to make a good estimate of the mcan power required under 
electrical operation at the time of heaviest traffic, we can, by comparison 
of ordinates, infer approximately the power required at any other time. 

Fig. 10 being a typical traffic curve for London suburban service 
under steam operation, we will here give some further particulars of the 
traffic represented :— 


Total hours of service ... sis 45% .. 205 
Maximum number of trains running... .. 26 
Total trains per day, up and down  ... ... 450 
Total train-miles per day jus is ... 3,066 
Total train-stops per day vus js ... 3,809 
Hence, stops per mile .. ‘ies e. rog 
Total train-hours per day 8 555 e. — 210 
Hence schedule speed, m.p.h.... $n e. 1746 


And average number of trains running... 1025 


It will be seen that the average number of trains running is only 41 
per cent. of the maximum. The average during the time of light 
service is approximately 34 per cent. of the maximum. 

In such a system one would expect to find, say, 27 trains in service, 
three as standby, and two undergoing renovation or repair, making a 
total of at least 32 trains allocated to the service. Each of these 32 
trains, therefore, makes an average of 115 miles per day, whilst the 27 
in actual service can only make an average of 136 miles each during 
the day. 

The above applies particularly to steam operation, but if we regard 
Fig. 10 as showing the general shape of the load curve, it is probably 
sufficiently correct for the same railway when operated electrically. 
During times of light trafic the trains would probably be larger in 
number and lighter in weight under electrical than under steam opera- 
tion, since light trains can be efficiently operated electrically. If we 
reckon such trains as fractions of standard trains, the shape of the 
traffic curve will usually remain practically unchanged, and this curve, 
together with the above schedule of particulars, will form a reliable 
basis for the estimate of probable traffic. 

A well-known and useful method of representing the traffic is by 
means of a so-called graphical time-table. This is really a system of 
approximate time-distance curves, distance being plotted as ordinate 
against time as abscissa for all the trains of the system. Itis compcsed 
of straight lines joining the several stopping places. The graphical 
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Fic. 10.—Traffic curve for suburban system. 
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time-table is used for several purposes by railway men, but we shall 
employ it as indicating the approximate position of the trains at any 
time, in order to aid in estimating the probable load on substations and 
the voltage drop in line conductors. 


DISTRIBUTING SYSTEM. 


In a system of any size there will usually be certain junctions from 
which several lines radiate, and which accordingly form natural 
distributing points, where one would place substations if otherwise 
practicable. One must also place a substation near each of the ends 
of a line, since, with the usual arrangement of low-tension feeders, the 
distance that one can feed to a dead end with a given drop in potential 
is only about one-third of the distance between adjacent substations on 
the line. Substations should, wherever possible, be placed at railway 
stations, for the convenience of attendants, inspectors, and visiting 
engineers, and to facilitate the delivery of supplies. Due consideration 
must of course be given to possible future extensions in arranging the 
distributing system. 

The above considerations having been taken account of, and local 
conditions fully allowed for, the position of substations should be planned 
with reference to the potential drop between substationsand trains. In 
the case of a completely insulated line equipment, such as that employed 
on the Metropolitan and Metropolitan District Railways, the waste of 
energy limits the mean voltage drop, whilst the necessity of efficient 
train lighting at all times limits the maximum. With a rail return, 
however, there is the additional restriction imposed by the Board of 
Trade on the voltage drop in uninsulated conductors. 

By means of the graphical time-table above mentioned the position 
of the trains with the reference to the substations can be approximated, 
and the voltage drop in the conductor rails at any particular time 
determined. This should be done for a time of heavy load, and the 
worst condition to be anticipated in regular service should be judged, 
due allowance being made for probable future increase of traffic. 

The position of the substations will in the end be a matter of con- 
siderable adjustment and compromise, the object being to feed the 
system efficiently, employing as few substations as practicable. Ona 
system with many ramifications it is often impossible to prevent the 
substations crowding one another somewhat in certain places, but with 
care the layout can usually be made so that there is not very much 
waste from this causc. 

In estimating the capacity of the machinery in the several sub- 
stations, reference must again be made to the graphical time- 
tables, from which the number of trains fed by each substation at all 
times can be deduced. A table should be drawn up showing the 
momentary maximum and average load on cach substation, both at the 
time of heaviest traffic and at the time of light load. "The output of 
the substation may be taken as 5 per cent. in excess of the input to 
the trains. The maximum momentary output may gencrally be taken 
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as occurring when two trains are taking their maximum accelerating 
current and all other trains that can possibly be supplied from the 
substation are taking their average current. This rule is, however, 
subject to modification according to the locality of the substation. 

When the above-mentioned table has been drawn up, the size and 
number of units in each substation can be determined. If possible, 
units of one size should be employed throughout the system, even 
if the capacity is sometimes greater than is absolutely necessary. The 
maximum momentary output of the substation should be taken to 
correspond with the maximum momentary overload of the machines 
in use. The load at times of heaviest traffic will indicate the number 
of units required, and the output during the time of light traffic will 
be found useful in determining the size of the units. Having settled 
upon the number of machines required for service, an extra one or 
two- will usually be included in each substation to serve as standby. 

In the case of rotary converter substations, the total capacity of 
the installed machinery will usually be some 40 or бо per cent. greater 
than that installed in the generating station for supplying power to the 
trains. The excess is chiefly required on account of the exceedingly 
bad load factor of a substation, which necessitates an installation far 
greater than the mean load would indicate. In this respect the trans- 
former substations of a purely alternating-current system show to 
great advantage. Transformers can be designed to stand five or six 
times the rated load for short periods without injury or excessive 
voltage drop, and two or three times for an hour or two without 
excessive heating. In such a system, therefore, the continuous capacity 
of substation plant will usually be less than that of the generating 
station plant, since the former may be laid out to suit the mean all- 
day load, whilst the latter must suit the mean load at the time of 
heaviest traffic. 

In a continuous-current system the all-day efficiency of distribu- 
tion from generating station bus-bars to trains is usually in the neigh- 
bourhood of 78 per cent. In a well-designed alternating-current system 
this efficiency would probably approximate to 87 per cent. 


GENERATING PLANT. 


The position of the generating station for a suburban system will be 
chosen principally from considerations of available sites, suitable sub- 
soil, and facilities for obtaining water and coal. Only after these have 
been taken account of will the high-tension feeder system become the 
predominant consideration, and then mainly in reference to the ques- 
tion of cost. 

By means of the traffic curve of Fig. 1o, combined with estimates 
of the maximum probable traffic under electrical operation, the power 
required per train and the efficiency of distribution, a fair estimate 
may be made of the power required at all times of the day. "The size 
of the units—which should be similar—will be largely governed by the 

load at times of light traffic, whilst the number of units will be deter- 
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mined by the mean power required during the highest peak of the 
load. 

The units should be chosen as large as practicable from motives of 
economy, provided they can be fairly loaded at times of light traffic. 
At such times the mean load on a unit should not be less than a half of 
its rated load, even if there are but few trains in service, and may be 
practically the full rated load if there are a considerable number. The 
overload capacity of the units may then be depended upon to provide 
sufficient power for starting the trains. If, as is advisable and prac- 
ticable under electrical operation, only trains of few coaches are run at 
times of light traffic, the proportional fluctuations of load will then be 
little greater than at times of heaviest load—when long trains will be 
in service. The generating plant should, however, for this class of 
work, be such as will stand very heavy temporary overloads. 

Having decided upon the size of the unit, which in this, as in other 
cases, may be influenced by the available market of supply, we deter- 
mine the number of units required to handle the heaviest probable 
load for such time as it is likely to last. These, with one or two 
additional sets installed as standby for use in case of emergency, will 
form the main generating plant. 


ALTERNATING CURRENT WORKING. 


The foregoing has been for the most part written round the 
continuous-current system of operation, and whilst the general method 
of treatment is independent of the system, there are many considera- 
tions having special reference to alternating-current operation, a few 
of which may well be given here. The most valuable features of 
alternating-current operation are con:equent upon the possibility of 
supplying power to the trains at high potential. This makes prac- 
ticable the use of much lighter line conductors than can be employed 
under continuous-current operation, and also requires fewer substations 
for a given loss in the line conductor network. 

The use of the track or other insulated return circuit for the current 
requires consideration. The author has no information as to what 
amount of electrolytic corrosion is to be expected from alternating 
earth currents as compared with continuous, or what regulations are 
likely to be imposed to prevent damage by such currents. It is not, 
however, desirable to impose a limit to the difference of potential 
between points on the uninsulated return unless the method of 
measuring the voltage is very precisely set out. If the voltmeter be 
joined to two points in the conductor by pilot wires lying very close to 
the conductor, the voltage indicated will be little more than the CR 
drop. The alternating flux due to the current in the conductor will for 
the most part cut the pilot wire and produce an E.M.F. practically 
neutralising the reactance drop; thus the indication of the voltmeter 
will be the difference of potential diminished by this E.M.F. In order 
to indicate the true difference of potential between points on the con- 
ductor, the pilot wire should lie on the surface separating the lines of 


252 CARTER: TECHNICAL CONSIDERATIONS IN [јап. 25th, 


force which close about the trolley wire from those about the return 
conductor. This is practically the horizontal plane at a height from 
the ground equal to half the height of the trolley wire. Fig. r1 gives 
the indicated voltage for the particular case of two copper wires, each 
of one square inch cross section and 200 inches apart, and shows that 
the true difference of potential between any two points on one of the 
wires, at a frequency of 25 cycles, is in this case more than seven times 
the CR drop, although readings anywhere between one and fourteen 
times can be obtained according to the position of the pilot wire. 

The earth currents will, however, be affected in the same manner 
as the voltmeter current by the varying flux about the conductors. 
Thus if a water or other pipe runs parallel to the return conductor, the 


200 ru 
180 
6160 
2 ЕЕЕ Е ИНН" 
5140 
= 
120 
0 
с 
100 
E 
a LEE acd Е 
60 
саа решааш шаа 
ОТИТ 
60 
`0 20 
£ 
O Ret rn 
о 2. 4 8 9 10 п I2 ІЗ 4 wi 
Reading of ЗЫ AG R. 455% іп return conductor. 


Fic. 11.—Apparent voltage drop in return conductor, using alternating current. 


resultant potential difference tending to produce a current through 
earth and between two points in the pipe is that which would be 
indicated by a voltmeter connected to the corresponding two points in 
the conductor by pilot wires run in the position of the pipe. In the 
case of arail return, where the conductor is of magnetic material, the 
varying lines of force in the iron itself will tend to confine the current 
to the outside layers of the conductor, and the CR drop will be several 
times as much for alternating as for continuous current. 

Altogether, if earth currents are to be reduced to the same order as 
is found under continuous-current operation, and it is desired to place 
the substations as far apart, it will be necessary—taking account of the 
lower power factor and heavier trains incidental to alternating-current 
working, in addition to the foregoing considerations—to adopt a line 
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pressure of at least 6,000 volts, or else to install frequent track boosters 
to take care of the voltage drop in the earthed conductors. If advan- 
tage is to be taken of the high pressure to reduce considerably the 
number of substations, it becomes necessary cither to adopt a com- 
pletely insulated line conductor system, which much increases the 
difficulty of installation and working at complicated junctions, or to 
install track boosters, which adds to the expense. The latter will usually 
be found the most favourable alternative, as it is possible by means of 
these boosters, which are simple current transformers of ratio unity, to 
transfer entirely {һе voltage drop from the uninsulated to the insulated 
conductor. The best arrangement of boosters is probably that of the 
Oerlikon Company,* in which the track current is transferred by the 
boosters to a common return conductor running between substations. 
It is possible, however, to do without {һе return conductor by con- 
necting the secondaries of the boosters across insulated joints in the 
track and introducing a small equalising wire as shown diagram- 
matically in Fig. 12. With this arrangement the track rails are em. 


Trolley wire 


Insulated joint 
Fic. 12.— Track booster system for alternating-current operation. 


ployed as return conductors. The boosters must, however, be closer 
together near the substations than in the Ocrlikon system, and a greater 
number are accordingly required. 

There is much of a general nature to be said in favour of the single. 
phase alternating-current system, and the author, in common with 
many others, founded great hopes on its development, believing that it 
would lead to a considerable increase in the electrical operation of 
railways. Careful investigation, however, reveals difficulties and dis- 
advantages which compel the conclusion that the single-phase system: 
as at present developed is not suited for a great part of the railwav 
work likely to be required in this country (/.е., urban and suburban 
work), and, moreover, shows no prospect whatever of being rendered 
satisfactory for the purpose. 

In the present state of the art, the electrical features of new 
apparatus can be quickly developed and perfected, and thc three or 
four years that this matter has been under investigation are sufficient 
to show its possibilities. 

The weak feature of the single-phase system, as applied to this 
class of work, lies in the driving-motor. This has a much smaller 


* Elektrotechnische Zeitschrift, vol, xxv. p. 313. 
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range of power than the continuous-current motor, whilst its electrical 
efficiency is considerably lower. The compensated series type of 
motor has a somewhat higher efficiency than the repulsion type— 
mainly on account of its lower rotor losses. Its efficiency is, how- 
ever, necessarily lower when operated as an alternating-current 
motor than when operated as a continuous-current motor, and 
this again is lower than it would be if the motor were specially 
designed for continuous-current operation. Moreover, the energy 
consumption per ton-mile will usually be greater than in the con- 
tinuous-current system, on account of the lower efficiency and less 
favourable speed-torque characteristic of the motor. Altogether the 
electrical losses in the motor are much in excess of those in the 
continuous-current railway motor, whilst, on account of the more 
compact internal construction, a motor with a given outside shell will 
be some 15 or 20 per cent. heavier. 

We have seen that the rating of a continuous-current railway motor 
gives no information as to its service capacity, but is only useful in 
comparing motors of the same kind with one another. The method of 
rating the single-phase alternating-current motor is equally arbitrary, 
and is useless for the purpose of making a service comparison with the 
continuous-current motor. In suburban service, as we understand it 
in this country, a single-phase railway motor with a given outside shell 
has little more than half the service capacity of the continuous-current 
motor having a similar shell, which in such service is liable to be 
employed to its utmost capacity. This, we have seen, is equivalent to 
saying that the electrical losses in the motor are nearly twice as great, 
as compared with the input, as obtain in the continuous-current system. 
In suburban service it is practically necessary to employ multiple unit 
trains, with the motors geared to the axles of coaches, where they must 
be capable of operating practically enclosed and without attention for 
long periods. | - 

The result of the above is that the alternating-current equipment is 
considerably heavier than the corresponding continuous-current equip- 
ment, the increased weight of the. train itself requiring more motors. 
If we charge to equipment-weight not only the weight of the motors, 
transformers, and controlling apparatus, but also the excess of weight 
of the motor trucks over trailing.trucks, and of the heavier underframe 
required to carry the transformers, etc., it is not too much to say that 
the single-phase system has an equipment weight per ton from two 
and a quarter to two and a half times as great as the continuous-current 
system, whilst an equipped and loaded train of given capacity may be 
some 30 or 40 per cent. heavier on the former than on the latter system. 
In the foregoing we refer particularly to the somewhat severe condi- 
tions of English suburban service. The objection, however, is more 
general than this, as will be seen by reference to the published weights 
of some single-phase cars. On the Indianapolis and Cincinnati Traction 
Company’s single-phase line the cars, equipped but not loaded, weigh 
96,700 lbs.* each. These are large corridor cars 55 ft. long and seating 

* Street Railway Fournal, vol. xxv. p. 173. 
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54 passengers each. They are of the type usually employed on 
American interurban lines, which, when designed for continuous- 
current operation, weigh from 60,000 to 70,000 165. each complete with 
equipment. Again, the car on the Ballston Line of the Schenectady 
Street Railwav, which seats 44 passengers, weighs, when fully equipped, 
60,800 Ibs., * although the underframe and trucks were not intended to 
carry such an equipment, and are rather light for the purpose. If 
furnished with an equivalent continuous-current equipment, however, 
the weight would not exceed 50,000 Ibs. 

We can now see why, under suburban conditions, the single-phase 
system compares very unfavourably with the continuous-current 
system. What with the heavier train and greater energy con- 
sumption per ton-mile, the energy consumption per train-mile, for 
trains of given capacity, will generally be quite 45 per cent. greater 
under single-phase than under continuous-current operation. Allow- 
ing for the higher efficiency of distribution in the former of thesc 
systems, the power and energy generated must still be some 30 per 
cent. greater. This requires 30 per cent. greater capacity in the 
generating plant, the cost of which will almost wipe out the saving 
on the substations, whilst the 30 per cent. greater annual generating 
costs will far exceed any possible saving in substation maintenance 
and supervision. In a compact system operating frequent trains— 
such as the usual urban system—the substation expenses are insignifi- 
cant. The following proportions have been found to hold in reference 
to the Manhattan Elevated Railway :— 


Generating and Substation Expenses : % 
Maintenance, power station ae sit ... 9/0 
Operation, power station ... jos 52 .. 850 
Maintenance, substations ... oat 2% we. O'S 
Operation, substations  ... jus s ы, 0515 

IOO'O 


A properly installed overhead conductor system, insulated for high 
potential, will be at least as costly as a third rail, whilst the single-phase 
train equipments will be two or three times as expensive as the con. 
tinuous-current equipments for corresponding trains. In fact, taking 
account of all circumstances, the single-phase system, when compared 
with the continuous-current system on the basis of equal traffic capacity, 
costs considerably more to install and considerably more to operate in 
the class of service under discussion. 

The test of good engineering is ultimately a financial one. A certain 
result must be attained by such more or less prescribed means as will 
produce the greatest return on the necessary outlay. An increase of 
Capital expenditure is therefore only justified if, by an improvement in 
facilities or decrease in expenses, an adequate return results. No such 
claim can be made on behalf of the single-phase system as compared 
with the continuous-current system in suburban service, and, unless 


* Engineering, vol, Ixxviii. p. 775. 
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prescribed limitations form a bar to the employment of the latter 
system, the former must be condemned. 

The speed-torque characteristic of the single-phase motor is more 
suitable for high-speed service with few stops than for suburban 
service. A low rate of acceleration would here be no disadvantage, 
whilst the smaller range of power-output would avoid the large drain 
of power which the continuous-current system would show when 
starting a train in such service. Moreover, the energy consumption 
would depend principally on the train resistance, which would not be 
increased greatly on account of an increased weight of train. It would 
probably be necessary, however, to concentrate the equipment on a 
locomotive, where the motors might be artificially cooled—a course 
hardly practicable when they are carried on the axles of the coaches. 

Some of the disabilities of the single-phase system disappear at low 
speeds, where the equipment weight is in any case a smaller fraction 
of the train weight and its increase therefore of less importance. 
Again, a service involving infrequent stops and moderate speeds, where 
the input per ton is small and the motor losses can accordingly be kept 
within reasonable limits, may often prove quite suitable for operation 
by the single-phase system. In short, this system shows promise of 
having extensive but by no means universal application to railway 
work. 

The polyphase system, employing induction motors, has the dis- 
advantage of requiring two or more overhead conductors, which 
complicates matters considerably at junctions, although it is not so 
serious an objection on continuous track. It is not well suited for 
suburban or other service in which stops are frequent and a high rate 
of acceleration necessary. With tandem-parallel control about one- 
third of the input during the time of controller acceleration is wasted 
in rheostats, and since controller acceleration is continued until practi- 
cally full “speed is reached, after which the power required is small, 
the waste in rheostats is nearly one-third of the whole input if stops are 
frequent. It is true that some of the energy of the moving train can 
be recovered when stopping, but only by imposing extra duty on 
the motors and so diminishing their service capacity. There is not 
the long range of efficient speed-curve running which characterises the 
continuous-current motor, the change from accelerating to free-running 
being almost sudden. The equipment weight, moreover, for suburban 
service is almost as high as in the single-phase system. 

The polyphase system is practically confined to trains drawn by a 
single locomotive or motor coach. А small difference in the size of the 
driving wheels would result in a considerable inequality in the loading 
of the motors, and if some of the wheels are new and others old—as 
would be sure to be the case at times with multiple unit trains—some of 
the motors would do all the work and might even drive others as 
generators. The difference in size of the wheels is almost without 
effect in the continuous-current and single-phase systems. 

Since the motor runs at nearly constant speed, the power-output 15 
practically proportional to the torque. Thus the variations of the load 


1906. } ELECTRIC RAILWAY ENGINEERING. 257 


on the generators, due to acceleration and grade resistance, is much 
greater for this class of motor than for continuous-current motors, and 
is accentuated by the return of power to the line on down grades. 
This return of power must nevertheless be reckoned as one of the 
advantages of the system. 

The strong feature in the polyphase motor, as compared with that 
of other systems, lies in the absence of a commutator, whereby the 
most frequent source of trouble is avoided. The motor is a good 
mechanical apparatus, with nothing particular to get out of order, and 
one could afford to sacrifice many advantages for the sake of employing 
such a motor for train driving. The weakest feature lies in the small 
air-gap necessary, which requires exceedingly good and well-designed 
bearings. These, however, can be provided without difficulty. 

For a class of service to be suitable for this system of operation it 
must be such as will provide the motors with an efficient load during 
the greater part of the time they are taking power. A mountain line 
can be satisfactorily operated by polyphase motors, since the con- 
tinuous grades furnish a sufficient load and there is no need to carry 
excessive motor capacity to provide for acceleration. 

In fairly level country, goods or other service, in which stops are 
infrequent, and the acceleration therefore of small importance, might 
very well be operated by the polyphase system. High-speed long- 
distance service is particularly suitable, the high train resistance 
making the grade resistance of relatively smaller importance, so that 
during free-running the motors can be arranged to operate near the 
load of highest efficiency. 


CONCLUSION. 


The chief immediate developments in the direction of electric trac- 
tion on railways are to be looked for in urban and suburban districts, 
where the increased schedule speed and the greater capacity of an 
electrically operated railway could be relied upon to develop the 
necessary traffic, whilst frequent and regular trains would do much 
to prevent the loss of traffic to tramways, so often deplored by railway 
directors at the present time. It is these considerations rather than 
the possible saving in operating expenses which constitute the case for 
the electrification of suburban lines. If it is desired merely to handle 
electrically the traffic at present handled by steam, the saving in 
operating expenses would not pay 1 per cent. on the capital sunk 
in conversion. For instance, the railway of which particulars are 
given above,* is thoroughly up-to-date in its operation, and typical 
of a well. managed London suburban system. To operate the same 
trains electrically the extra capital to be provided would amount to 
approximately 430,000 for each train іп service. We have seen that 
the trains in service make an average of 136 miles per day, or, say, 
50,000 miles per annum. It is evident, therefore, that a saving of 
nearly 144. per train-mile is necessary to pay I per cent. interest on 
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the capital expended in electrification. Since the same trains are 
assumed, there can be very little saving anywhere unless it be in 
coal, which only accounts for about 3d. per train-mile in steam 
operation. 

Taking all things into Bonsdertion the continuous-current system 
appears by far the most suitable for suburban service in this country, 
and there are no present indications that it is likely to be superseded 
for this class of service. Our suburban trains usually make good 
schedule speeds in spite of the frequent stops, but we must expect to 
improve on the speeds under electrical operation. Such service is 
very severe, and it is not every motor capable of rotating the wheels 
that can be said to be sufficient for the service. Certainly the speeds 
on the present London electrical systems are not excessive, being little 
greater than is practicable on steam-operated lines of similar nature. 
Considerable improvement should, however, be aimed at in suburban 
operation about a town of the size of London, in order to bring distant 
suburbs within easy reach of the city. The Liverpool-Southport ser- 
vice, in which the schedule speed is thirty miles per hour, with stops 
less than a mile and a quarter apart, could hardly be effectively and 
efficiently operated otherwise than by the continuous-current system. 

In one respect the London suburban service on such systems as the 
Great Eastern Railway will affórd an engineering problem differing 
considerably from those with which we are familiar—the trains at 
times of dense traffic will be considerably heavier than has been usual 
in electrical suburban service. If an increased number of passengers 
have to be carried it will hardly be practicable to diminish the length 
of the trains, which is only limited by the length of the station plat- 
forms. The use of excessively heavy trains is fraught with conse- 
quences likely to lead to a radical departure from the present standard 
practice. The coaches will probably be of the present compartment 
type, on account of their greater seating capacity as compared with 
the corridor type, and, in fact, the present coaches could be largely 
employed in making up the trains. The chief disadvantage of the 
compartment type is that when trains are well filled time is lost by 
intending passengers in seeking a compartment, so that longer station 
stops are necessary than when the corridor type of coach is employed. 

The objections to the continuous-current system, when heavy trains 
are to be employed, arise for the most part from the necessity for 
using a third rail. This being accessible constitutes a source of 
danger, whilst it is exceedingly difficult to install at complicated 
junctions. Moreover, the system is hardly the most suitable for 
long-distance service, so that objection has been made to it on the 
ground that it cannot be generally extended throughout a railway 
system. "This last objection, however, is of little weight, as electricity 
cannot compete with steam for general railway work in this country, so 
that universal electrical operation may be ruled out of account. The 
danger to workmen and others arising from the presence on the line of 
an accessible conductor at dangerous potential is patent, and can only 
be obviated by rendering accidental contact with the conductor 
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impossible. An efficient wooden protection for this purpose will 
add perhaps 5 per cent. to the total cost of electrification, so that 
the question of additional danger is not a very effective argument 
against the continuous-current system. The third-rail protection, 
moreover, by preventing short-circuits with track tools, is a valuable 
security against shut-down. It is worthy of note in this connection 
that the New York Central and Hudson River Railroad have adopted 
a completely protected third rail within their New York City electrical 
zone.* 

The difficulty of installing line-conductors amongst the intricate 
switchwork and signal rods of a large terminus or junction is serious, 
and is increased fourfold, as far as a great portion of the London 
district is concerned, by the action of the underground railways in 
adopting an insulated return conductor instead of employing the track- 
rails as return. Where the trackwork is not too complicated, a single 
conductor can usually be installed, so that contact is never lost by the 
collector shoes, whilst even at the most intricate junctions it can 
always be located overhead. With a second insulated conductor, how- 
ever, it is at such places practically impossible to secure continuous 
contact for both sets of collector shoes within the length of a loco- 
motive or motor coach, and sometimes even of a long train. If the 
insulated return is adhered to throughout the London district, much 
rearrangement of track and signal rods will be needed at many termini 
and junctions. The chief argument in favour of an insulated return is 
that it enables the track-rails to be used for signalling purposes. 

When we depart from suburban conditions and begin to consider 
classes of service in which the traffic is less dense and stations less 
frequent, we cannot formulate general rules as to the best system of 
operation, or even assert that electrical operation is good engineering. 
Each case as it arises must be considered on its merits, and a full 
technical investigation of the problem presented is necessary before 
any definite conclusion can be arrived at. 

A class of traffic for which electrical operation might be expected 
to show to advantage is interurban passenger trafhc, handled on the 
same lines as on the American interurban railways, i.c., with single cars 
or small trains running at fairly high speeds and at frequent intervals. 
There are many districts in this country where such a system could 
hardly fail to attract considerable traffic—where, in fact, the tramways 
are already well patroniscd in spite of their low speed. Such districts 
as South Lancashire or the South Staffordshire Black Country offer 
excellent facilities for this class of service, and the network of railways 
in these districts would well repay electrification, the population being 
dense and the interdependence of industries requiring free and frequent 
communication. 

_ Where stations are fairly close together, the continuous-current 

system will probably be found most suitable for this class of work, 

especially if the system forms a compact network. In case none but 

small trains are to be electrically operated, the track conductors may 
* Street Railway Journal, vol. xxvi. p. 330. 
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be located overhead in the form of a trolley wire, otherwise a third rail 
will be necessary. The overhead system has advantages in industrial 
districts where there arc a large number of goods-sidings whose 
switches and crossings add to the difficulty and expense of installing 
a third rail. At the present standard voltages, the weight of train that 
can be fed from a single overhead trolley wire is limited to perhaps 
50 tons. There is, however, no real engineering necessity for 
restricting the operation to present standard voltages. If the mean 
speed desired is not very high,—considering the distance between 
stops,—it may often happen that alternating-current operation would 
furnish the most satisfactory means of attaining the end in view. 
Where stations are not less than two or three miles apart and the 
electrically operated lines do not form a too complicated system, a 
strong case could in many instances be made for the polyphase system. 
In general, however, it is probable that the single-phase system would 
be found the more advantageous for such work. 

Another class of service for which electrical operation might well 
prove desirable is that on branch lines, where in many cases the traffic 
is not in itself sufficient to pay expenses, but is necessary to put country 
towns in communication with the main lines. These should be run as 
interurban tramways, operating a fairly frequent service of single cars or 
trains of two or three coaches and employing overhead line conductors. 
Such a system could be installed at moderate capital outlay, whilst a 
considerable saving in operating expenses would ensue on account of 
plant and operatives being more uniformly employed. The more 
frequent service would be expected to result in considerably increased 
traffic between towns and villages. 

The best system of operation is a matter for investigation in par- 
ticular cases, depending on considerations already discussed. It may 
be mentioned, however, that in the case of newly projected lines 
intended entirely for this class of service there is some advantage in 
adopting the continuous-current or the single-phase system, since 
very little grading is required if either of these systems is employed, 
the motors being capable of operating efficiently on much steeper 
grades than could be permitted in steam service. The former of these 
systems is particularly suited for operating where grades are excessive, 
on account of the large range of tractive effort and moderate range of 
speed of the motors. In the single-phase system the speed varies 
rather too much with change of train resistance to be quite satis- 
factory, but on the other hand the tractive effort can, within limits, be 
adjusted to the speed and grade by varying the potential difference 
between motor terminals—that is, by changing the running tap on the 
main transformer. In many cases the extra cost of electrification 
would be saved in the diminished’ excavation, and the lower cost of 
land due to the greater latitude of location possible when grades are. 
unimportant. The light agricultural railways under consideration in 
some quarters should undoubtedly be electrically operated. 

In a few places, such as between Liverpool and Manchester, and 
between Leeds and Bradford, it might be possible to inaugurate a very 
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high speed service on the lines indicated by the Marienfelde-Zossen tests, 
although it is a little doubtful whether the saving of time possible in 
these comparatively short distances would form sufficient inducement 
to create a paying traffic. Such lines running from London to Birming- 
ham, Manchester and Liverpool, might attract considerable traffic, but 
could hardly be constructed against the opposition of existing com- 
panies, and as they would be largely special and reserved for the one 
class of traffic, it is improbable that they could be made to pay at 
present. Altogether there does not appear to be much prospect for 
such exceedingly high-speed lines in this country for some time 
to come. 

The operation of our main-line trains would not be sensibly improved 
by electrification ; certainly no such improvement would be anticipated 
as would justify the necessary great outlay of capital. Where conditions 
are different, however, considerations which do not apply in this 
country may render general electrical operation desirable. In Sweden, 
for instance, where the locomotive coal is imported, whilst there are 
extensive peat beds and much water power, it is possible that general 
electrification may be justified. Here, however, the coal bill is not 
a very great item in the operating expenses, and we could not expect to 
save onit. Electrical operation is, therefore, economically feasible only 
for those classes of traffic in which some service advantage results. In 
the case of main-line traffic, no practical advantage would be gained by 
a higher rate of acceleration, or by running frequent small trains—in 
fact, at high speeds small trains would be uneconomical, however 
operated.* The usual arguments in favour of electrification, therefore, 
have no weight as applied to this class of traffic. 

There is one consideration, however, which may become important 
on some sections of line, and this is that, with the limiting load gauge 
given, it is possible to obtain considerably more power from an electric 
than from a steam locomotive. The power practicable within the 
loading gauge imposes a limit on the trains which it may sometimes be 
desired to extend. 

No particular advantage would in general accrue from the electrical 
operation of goods traffic. At docks, goods-yards, and like places, 
however, where there is much shunting, if there is an existing generating 
plant for supplying power to cranes, capstans, etc., it would undoubtedly 
be advantageous to employ electric locomotives in place of steam. The 
latter are very inefficiently employed in such service on account of the 
large amount of standing and starting necessary. With electric 
locomotives designed suitable for such work, the efficiency of the 
system would be much improved at trifling extra cost, whilst an 
improvement would also be expected in the load factor of the 
generating plant, so that the cost of additional power would be small. 
In some such localities the use of overhead wires would be objected 
to, and some form of surface-contact system would probably be found 
necessary. 

In the present state of the art it is possible to determine very 

р * See page 234. 
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closely the technical details of the installation necessary for electrically 
i operating any portion of a railway system. The limitations of any 
electrical system for the particular application can be judged and the 
best mode of operation determined. Moreover, the capital expenditure 
and operating costs can be closely estimated and the economically 
soundest scheme devised. In the case of the continuous-current 
system, the particulars of the installation can be predetermined in full 
detail, whilst an accurate forecast of the operating expenses can be 
made, the maintenance costs of the machinery and plant being already 
known from extended experience. When this system is employed, in 
fact, the predetermination of the electrical features can be made with 
all necessary accuracy, certainly with as high a degree of accuracy as 
the indefiniteness of traffic and conditions will permit. | 
Although, for reasons above stated, no general electrical operation 
of our railways is to be expected, we may yet look forward to many 
developments in railway work within the next few years. When the 
systems in course of installation, or already in operation, have been given 
full opportunity for proving their usefulness and reliability, and suitable 
methods of handling the traffic under the altered conditions have been 
perfected, the directors of most of our principal railways will realise the 
. advantages of electrical operation in some portions of their systems. 
There is at present a little natural conservatism amongst railway 
managers, and a disinclination on the part of directorates to sanction 
the outlay of a large amount of capital when the best system of opera- 
tion appears to the superficial observer still a matter of speculation. It 
is hoped that the present paper will serve in a measure to delimit the 
spheres of usefulness of the several systems of electrical operation, or 
at least to provethat the most suitable system can be determined in any 
particular case. | | 
In order to prevent misunderstanding, the author wishes to add 
that the views expressed in this paper are entirely the results of his 
own study of the subject, and should not in any way be taken as 
representing the attitude of the company with which he is connected. 


DiscussioN AT MEETING OF JANUARY 25, 1906. 


Mr. Mr. PHiLIP DAwsoN : May I first express my appreciation of the 
Dawson. very able paper which we have had read to us to-night? It treats 
of a subject with which I am very familiar and in which I take parti- 
cular interest. If in the course of this discussion my conclusions differ 
from those of the author, I hope he will understand that I do not wish to 
cast any reflections on the accuracy of his statements, which, I presume, 
are the results of his personal investigations, but merely to suggest that 
the motor he has experience of has not the characteristics of a satis- 
factory single-phase traction motor, which latter, although the author 
does not appear aware of it, isjin actual existence to-day. On page 233 
the author refers to the amount which has to be added for the inertia 
of revolving masses, and compares the amounts which must be added 
in the case of continuous and alternating current machinery. Inthe 
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case of continuous-current motors he says the amount will usually be мг. 


from 8 to 10 per cent. of the weight of the train, and that with single- 
phase motors this would probably be doubled. I have investigated 
this point very carefully, and in the case of the single-phase motors 
which we are going to adopt on the London, Brighton and South Coast 
Railway only 13 per cent. has to be added for revolving masses, or only 
3 per cent. more than the maximum which the author states should be 
added in the case of continuous-current motors. On page 235 the author 
suggests that the amount of energy dissipated by a rheostat in starting 
losses in the case of continuous-current motors is from 6 to 12 per 
сепі., and that in the case of single-phase motors this would probably 
be greater, due to the very much less efficiency of these motors. 
Results with which I am personally acquainted do not bear out the 
author's conclusions. I find that, although the single-phase motor 
shows a smaller efficiency than a continuous-current motor, the 
efficiency is only about 4 per cent. lower than that of the very best 
continuous-current railway motors yet constructed; if we take into 
account the more efficient way of speed regulation due to the use of 
transformers instead of resistances, we certainly have a very much 
smaller loss in alternating-current motors than with continuous-cur- 
rent motors. Оп page 236 the author refers to some curves which 
are given in Fig. 3, where he compares the speed and tractive 
efforts of continuous-current and single-phase railway motors. I have 
only had a very short time to check the paper, but I have plotted out 
some results which I have obtained with alternating-current motors, 
and this curve practically coincides with the curve which the author 
gives here for the continuous-current motor. 

The author, on page 250, refers to the capacity of a rotary trans- 
former substation as compared with the capacity of the generating 
plant which is required in connection with continuous-current installa- 
tions, where, owing to the very large amount of power to be generated, 
and the large area over which it must be distributed, the current must 
be generated in the form of alternating or polyphase current, although 
it is used as continuous current. The author states that the total 
capacity of rotary converter substation machinery is from 4o per cent. 
to бо per cent. greater than machinery installed in the generating 
station ; in other words, the capital cost of the substation plant may 
be greater than the capital involved in the total generating plant. 
On to this must be added the capital cost of low-tension feeders, and 
nearly the whole of this large expenditure is due to the use of con- 
tinuous-current motors, and is not required in the case of a single-phase 
installation. The author further on states that the overall efficiency in 
the case of a continuous-current system is about 78 per cent. From 
very careful calculations which I have had to make, I think he has 
rather overestimated that efficiency ; I think it would probably be a 
good deal nearer 74 or 75 per cent. than 78 per cent., although I agree 
with him when he puts the efficiency of ап alternating.current 
System at 87 per cent. ; indeed, I think with a properly designed system 
that efficiency could be raised. The author, on page 251, has called 
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attention to a very important property of the single-phase system, 
where he refers to the very much higher voltage which can be adopted 
in the conductors where single-phase current is used compared with 
where continuous current is used. This pressure at the present 
moment is standardised more or less between 6,000 and 6,500 volts. 
As far as I can see, there is no reason why this pressure should not be 
raised: in fact, at the present moment there is a line running in 
Switzerland, about fifteen miles in length, where the line pressure is 
15,000 volts, and they have found no difficulties either in transmitting 
or collecting the energy at that very high pressure. At the bottom of 
page 252 the author refers to the low power-factor of the single-phase 
system. It seems to me that he must have done so under some 
misapprehension, because, if he takes the power factor of the con- 
tinuous-current installation, he will find that there is practically no 
difference between the average power factor obtained with the single- 
phase system and that at present obtained with the continuous-current 
system where polyphase currents are generated and afterwards trans- 
formed to continuous current. It seems to me that the author is 
very daring in his statement on page 253, where he says, referring to 
the probable future of the single-phase current, that * Moreover, it 
shows no prospect whatever of being rendered satisfactory for the 
purpose. А great many members in this room will remember the 
time, not many years ago, when the mere possibility of a satisfactory 
single-phase motor being produced of such a size as would be required 
for traction purposes was considered ridiculous. At the present moment 
I am sure there is not a member in this room who would suggest that 
a single-phase motor is not an accomplished fact, or that it does not give 
very satisfactory results. It seems to me if this, which was apparently 
an impossibility four years ago, has been brought to pass, that even 
supposing the statements which the author has made were really 
justified by facts—which I do not concede—his statement that the 
future will nut see the production of a satisfactory single-phase motor 
is unjustifiable in the light of past experience. On page 254 the author 
refers to the very much larger weights of single-phase motors com- 
pared with continuous-current motors. It is true that up to the present 
moment single-phase motors are slightly heavier than continuous- 
current motors, but I consider the disabilities of the single-phase 
motor have been very much exaggerated by the author, while its virtues 
have scarcely been referred to. То justify my assertion, I will give 
you the following figures. The weight of a 150-H.P. motor, rated on 
the American principle to which the author referred, is 277 tons, and 
the weight of a 115-H.P. motor rated exactly on the same basis is 
2'4 tons. If we take the weights of two motor trucks, one set equipped 
with four 150-H.P. continuous-current motors, the other with four 
single-phase 115-H.P. motors—that is, simply the complete motor 
trucks, we find that the weight of the continuous-current motor 
equipment would be nearly 26 tons as against 27 tons for the alterna- 
ting-current equipment. Butin considering this question of weights, 
it is very important to bear in mind that there are other portions of a 
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train which must be taken into consideration besides the weight of Mtr. 
either the motor equipment or the trucks, and there I refer to the T 
weight of the car bodies. The author has rightly said that the 
electrification of existing railways is a commercial proposition, and 
that the electrification will never be introduced until the railways are 
thoroughly satisfied that by so doing they can improve their service 
and increase their receipts. The receipts will very largely depend 
on the accommodation which is given to passengers, and that again 
will depend upon the car body construction. There is not a railway 
manager in Great Britain who would for one moment hesitate in 
employing a motor car body weighing 13 tons if it gave better 
accommodation than a car body weighing rotons. At the same time 
there are different types of trucks which vary in weight according to 
the type of construction, and the difference in weight of a pair of such 
trucks would easily reach three tons. Therefore, the total difference 
in the weight between one type of car body in one type of truck and 
another type, leaving entirely out of consideration the question of the 
difference in weight due to motor equipment, would be 8 tons per car, 
or, taking a three-car train, which will probably be the normal size of 
train adopted for suburban traffic, will mean that there will be a 
difference due to car bodies and trucks alone of 24 tons per train, 
which is a great deal more than the maximum difference in weight of 
continuous and alternating motor equipments. As regards the question 
of multiple unit control, which the author refers to on page 254, I do 
not exactly understand his inference, as the multiple unit system is 
applicable to a single-phase system ; in fact, practically the same 
apparatus which is used in conjunction with continuous current for 
multiple unit control is employed with single-phase motors, the only 
difference being that the multiple unit apparatus in the case of the 
single-phase is very much simpler and the parts are very much fewer 
than in the case of the continuous current. The figures which I have 
given you, and the few remarks which I have made, show that the 
author's statement on page 255, where he suggests that there are 
reasons why the single-phase system compares unfavourably with the 
continuous-current system as regards suburban traction, is not in 
accordance with facts. I will give you some further figures in support 
of this statement, which I worked out from actual experimental results 
in my possession. They are for a run on the level over a distance 
0f 2,583 ft. There the running time of a train composed of two motor 
coaches, equipped with eight motors and three trailer coaches, the 
coaches and the trucks being exactly the same in the case of the 
continuous and alternating current system, was, in the case of the 
continuous-current system, 91:46 seconds, and in the case of the alterna- 
ting-current system 92:25 seconds. The average efficiency was, in 
the case of the continuous current, 730 per cent. ; in the case of the 
alternating current 74:2 per cent.; and the watt-hours consumed рег 
ton mile for operating and braking, that. is to say, including the 
amount required for operating the air-compressors, was, in the case 
of the continuous current, 68 watt-hours per ton mile as compared 
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with 63 watt-hours per ton mile in the case of the alternating current. 
As regards acceleration, that was very much more favourable in the 
case of the single-phase than in the.case of the continuous current, 
the continuous-current train requiring 37 seconds to attain. a speed 
of 25% miles an hour, whilst the alternating-current train attained 
259 miles an hour in 224 seconds. Тһе rate of acceleration 
which the author refers to at the top of page 256 is very much 
more favourable in the case of single-phase than in the case of 


: continuous current. I have recently had an opportunity of making 


some very interesting tests, with an apparatus which was designed 
by Mr. A. P. Trotter, of the acceleration obtained under actual 
running conditions with single-phase and with continuous-current 
trains, and the results are practically these : whilst with con- 
tinuous-current trains giving a very high average rate of accelera- 
tion (which is due to the fact that the very high acceleration was 
gained at the beginning), we got 2 ft. 6 in. or 3 ft. per second per 
second just after starting, then falling down to 1 ft. and then 6 in. 
per second per second, with the alternating current the process was 
exactly reversed. We started out with an acceleration of about 9 in. 
per second per second for the first roo ft. or 200 ft., and the accelera- 
tion then rose to nearly 2 ft., and remained constant at 2 ft. per second 
per second during the whole period of acceleration. I suggest that 
this curve of acceleration is a very much more satisfactory one for 
operating a suburban service than that obtainable with continuous- 
current motors. In connection with this whole question, there is one 
point which should not be lost sight of ; and that is that it does not 
matter how much we electrical engineers are anxious to see our 
existing railways adopt electricity, unless we can prove to the satisfac- 
tion of the existing railway authorities, not only that, electricity is more 
advantageous from their. point of view, but also that it will not bring 
with it a train of very serious disadvantages, it is perfectly hopeless for 
us to imagine that electric traction will be introduced extensively 
within the next few years. From the very careful and very long 
investigations which I have had to make in connection with this 
subject, I have come to the conclusion that thc consensus of opinion 
amongst railway men in the whole of Europe, and to a certain extent 
in America, is that if electricity is to take the place of steam for 
running ordinary suburban trains this will never be the case as long as 
the third and fourth rail are essential to its introduction. Under these 
circumstances it is evident that the continuous-current system must 
at once be put out of court. I myself believe that the very satisfactory 
results whiclr have been attained with single-phase motors in the last 
few years are entirely due to the big electrical manufacturers having 
thoroughly realised that main-line railways are not going to adopt 
electric traction unless the third and fourth rail can be entirely 
dispensed with. In conclusion, I should like to express the hope that 
the author may alter the conclusions he has arrived at to {һе following 
extent : that our railways, as far as the suburban traffic is concerned, 
will adopt the single-phase. system of traction for handling their 


1906. | ELECTRIC RAILWAY ENGINEERING: DISCUSSION. 267 


trains, which has shown itself the most suitable to fill their require- 
ments. 

Mr. A. P. TROTTER: I quite agree with what Mr. Dawson has said 
about alternating current. Of course it has to be safe. Whether he is 
going to use 3,000, or 6,000, or even 15,000 volts, does not matter at all ; 
it can be made as safe with one pressure as with another. The question 
of alternating-current electrolysis is raised, and some information is 
asked for. If I give any information, it simply describes my own 
personal opinions to-day, and if they are altered at any time, or if any 
official views vary from them, that is no affair of mine at this moment. 
There is such a thing as alternating.current electrolysis, and I have 
made several experiments on the subject. It may amount to about 
one-half of that due to continuous currents. On the Brighton and 
South Coast line the rails are on chairs, the chairs are on sleepers, 
the sleepers are on ballast, and the ballast is on high brick arches or 
on embankments. They arc a long way from the pipes, and under 
those circumstances I do not see any objection at present to there 
being 20 volts drop on thc rails. Nothing has bcen laid down, although 
something was promised. Years ago there was a footnote to one of 
the Board of Trade regulations to this effect: * The Board of Trade 
will be prepared to consider the issue of regulations for the use of 
alternating currents for electrical traction on application." А formal 
application has not been made, but I have said to those who are 
concerned that I did not see any harm in 20 volts drop. Of course 
the question is, how it is going to be measured, and that I have 
considered with some little care. The author has told us that merely 
putting a pilot wire on to the rails is not so very simple a question. 
That is the unfortunate part of alternating currents; they do not 
behave like continuous currents. The author has given a case where 
he takes a single trolley-wire and a single return conductor, and he 
shows that, under ordinary circumstances, the pilot wire ought to be 
between the two. That follows from ordinary simple mathematics. 
What is going to be the case in practice I cannot tell you exactly ; 
but there would be at least two trolley-wires, four rails, about three 
feeders coming from the power house to the substation, a fecder 
probably from the substation to the points upon the track, and a track 
return into which the current is boosted out of the rails. I am glad I 
have not got to calculate where the pilot wire is to be, but I have 
already thought out what I propose to do, and it is this: I want to 
borrow a telephone wire running right out into the country at about 
right angles to the line for a mile or so and back again, enclosing a 
large loop. Then I want to have a pilot wire placed anywhere by the 
side of the track, in the most convenient place that can be found. 
Then we will compare the volts found on that pilot wire, and on any 
instrument that is used with it as an indicator, with the volts found 
on a loop with an electrostatic instrument ; 20 volts is a very handy 
pressure to measure electrostatically. I think I am right—I should like 
to be corrected if I am wrong—that that is taking it at its worst. If 
you have a pipe running alongside the track picking up leakage 
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current from the rails, as the author points out, there will be an 
induced current in it which will choke back the leakage current ; so 
that, other things being equal, the closer the pipe is to the rail the 
greater will be the induced effect, which is rather different from tram- 
way practice. 

With regard to the question of earth currents, І do not think we 
need trouble about them very much, thanks to the modern telephone 
lines, which all have double circuits. But there is one little point I 
have suggested to the engineers of this railway. Ordinary telegraph 
instruments would not respond to alternating earth currents, but a 
Wheatstone automatic, running at 400 words per minute, might pick 
it up, and the result might be rather awkward. Political speeches are 
transmitted by these instruments, and a succession of nothing but dot, 
dot, dot would mean “I,” “I,” “I”! 

The impedance of the rails, of course, will concern this matter. I 
learned the other day at Berlin that on the Spindersfeld line the total 
impedance of the rails, measured as ordinary ohms, is only half an ohm 
per kilometre, with a 25 periodicity. That seems to be better than 
some of the Swiss lines. 

There is only one more point to which I should like to refer. The 
author mentions the great disadvantage of the compartment type of 
car, and says that when the trains are well filled time is lost by 

intending passengers seeking compartments. I 
saw the other day a very interesting type of 
carriage, which is extensively used in the 
suburban service of Berlin, and I believe it 
has commended itself favourably to certain 
English railway engineers. Take an ordinary 
carriage, seating five a side, and a partition at 
the back; you could alter it into the type to 
which I refer with a saw. You cut through the 
partition and the seat, making a passage of 18 
inches, and sacrifice one seat. You retain the 
ordinary doors ; the passengers get in anywhere, 
and pass through this 18-inch gap quite easily. There are just as many 
doors as in the ordinary rolling stock, and it works very well indeed, 
and I should think it is a type which should commend itself very 
favourably to the public in comparison with the end-door carriages 
which have been forced upon them recently. 


DISCUSSION AT MEETING OF FEBRUARY 8, 1906. 

Мг. T. Н. ScHoEPF: In reading Mr. Carter's paper I was rather 
struck by the analytical method which he advances for working up the 
train curves, I have had to work up many hundreds of these curves, 
and have always adhered to the point by point method as the more 
accurate of the two, and do not agree with Mr. Carter in his conclusion 
that the analytical method is sufficiently accurate and less laborious. 
I think he will admit that in case he were called upon to make a 
guarantee as to the schedule speed to be maintained and energ 
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consumption, he would abandon the analytical method in favour of 
the point by point method. The analytical method gives one a guide 
as to the adaptability of a motor with given characteristics to the 
requirements of the scheme under consideration, but gives no certain 
information leading one to say definitely that the motor is of sufficient 
capacity to do the work required ; and if it is not known whether the 
motor is of sufficient capacity, then one must refer to the point by point 
method to determine the square root of the mean square current and 
the average voltages which determine the copper and iron losses 
respectively, and the analytical method is, in my opinion, simply a 
rough approximation. 

In discussing this paper I wish to deal particularly with the 
comments made on the single-phase system, as the author's statements 
and conclusions are so novel and contrary to the experience of 
practically all engineers who are directly responsible for the develop- 
ment and application of such equipments. 

On page 233 he states that the weight to be added to that of 
the train because of the inertia of the rotating parts is 8 per cent. 
in the case of continuous-current equipments, and it may be double 
this value for single-phase equipments. My experience leads me 
to draw a conclusion differing from the opinion expressed by the 
author. I have personally calculated this factor in comparing 
continuous-current and single-phase equipments of equal capacity 
for projected schemes, and under normal conditions I would add то 
to 12 per cent. for continuous-current equipments and 12 to 15 
per cent. for single-phase equipments. Of course, the dead weight 
and composition of the train exercise an influence on this factor, and 
it cannot be decided arbitrarily. Let us take under consideration two 
such equipments. Firstly, the continuous-current equipments supplied 
to the Metropolitan Railway: the value taken was 12'1 per cent. from 
the actual calculation of the rotating parts, and I would use 14°5 per 
cent. for suburban trains on the London, Brighton, and South Coast 
Railway. In each of these cases the motor-coach equipment com- 
prises four 150-H.P. motors. In considering this subject one must 
not compare the above factors alone, as the train on the Metropolitan 
Railway weighs 160 tons, and the train proposed for the L.B. & S.C.R. 
will weigh approximately 105 tons. After correcting the above factors 
for this difference you will see that the percentage of the weight to be 
added is practically the same. 

On page 252 Mr. Carter states that if the earth currents due to 
leakage from the return circuit are to be reduced to the same order as 
found for direct-current operation, it will be necessary either to have 
track boosters or work with a voltage of at least 6,000 volts on the 
trolley, and under these circumstances he maintains that the distance 
apart of the substations will only be the same as for direct-current 
operation. 

Taking into account the fact that pipe work, usually of iron, in the 
surrounding soil has induced in it a counter E.M.F., the actual 
destructive electrolytic current will be very small, and it is found 
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quite sufficient to take the ohmic drop in the rail as being the 
effective volts drop in the return circuit. Hence, with the higher 
alternating-current voltages the substations may be placed very much 
further apart in alternating-current operation than they could possibly 
be for direct current. 

As regards the destructive effect from the electrolytic action of 
alternating current, I have discussed this matter with Mr. Kintner, who 
very carefully conducted a series of tests. He stated that the results 
showed that this was practically nil, and for a report on these tests I 
would refer you to the Electric Journal of November, 1905, and I am 
quite convinced that when using the rail properly bonded with drops 
of бо to roo volts, it will prove to be. quite harmless, 

The author states that in order to overcome some of the objections 
to single-phase working, energy will have to be supplied to the trolley 
at 6,000 volts, and I may say that the Westinghouse Company of 
America have undertaken and are executing a contract for the New 
York, New Haven and Hartford Railway for 11,000 volts to be used on 
the trolley. I have no hesitation in saying that no serious difficulties 
wil be encountered with trolley voltages as high as 20,000. The 
Swedish State Railways are now conducting experiments on a suburban 
line operating at tbis latter voltage. 

From tests which I bave personally made, and from the result of 
tests which other engineers have carried out, I am quite convinced 
that there is no necessity whatever for a booster system where reason- 
able drops in the track circuit are considered. 

The author is, in my opinion, quite wrong in his conclusion that 
the single-phase system is not in general suited for urban and suburban 
work on railways, and in replying to his statements supporting this 
conclusion, I may say that the range of power of the motor is not a 
very important one, and it is of no particular advantage to either 
system, since either motor should be designed specially for urban or 
suburban working, or for high speed long distance work, and if such a 
motor is designed for either class of service it is not as economically 
applicable to the other class. 

Regarding the comparative efficiency of the two systems, I can but 
confirm what Mr. Dawson has so ably expressed. 

. The author states that the single-phase motor is heavier than a 
continuous-current motor of equal capacity, and I may say, as an 
example, that the Westinghouse single-phase motor of 150-H.P. 
capacity weighs 5,398 Ibs., and a similar continuous-current motor of 
equal capacity weighs 5,550 lbs., which proportion is practically the 
same throughout the range of their traction motors. 

When comparing these two types of motors at their normal full- 
load capacities, it may be of interest to know the respective basis of 
the rating. In the case of the single-phase motor, the rating of 150 
Н.Р. is the B.H.P. which this motor will develop for one hour when 
supplied with alternating-current power at 25 periods, 250 volts across 
the motor terminals, and a motor current of 630 amperes, with a power 
factor of 83:5 per cent, Under these conditions the rise of tempera- 
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ture of the motor does not exceed 75° C. above the surrounding air. In 
the case of the continuous-current motor, the rating of 150 H.P. is the 
B.H.P. which this motor will develop for one hour when supplied 
with continuous-current power, 550 volts across the motor terminals, 
and a motor current of 234 amperes. Under these conditions the 
rise of temperature of the motor does not exceed 75° C. above the 
surrounding air. 

I should like to ask the author on what he bases the statement that 
a single-phase railway motor with a given outside shell has little more 
than half the service capacity of the continuous-current motor having 
a similar shell, as I may state most emphatically that this is an error 
when considering the series type of motor. 

The author states that the alternating-current equipment is con- 
siderably heavier than the corresponding continuous-current equip- 
ment, and I may say that a single-phase equipment suitable for the 
suburban working on the London, Brighton, and South Coast Railway 
will not weigh more than 31,000 lbs., which includes the entire elec- 
trical equipment ; and the weight of the electrical equipment of one 
of the motor-coaches of the Metropolitan Railway is 29,500 lbs., so 
that you may see that there is not a considerable difference, as stated 
by the author. | 

The author states that the car bodies will be heavier in case of 
single-phase than in that of direct current, as the under-framing needs 
to be stronger. I have had to consider and design the hangers for 
the apparatus for both types, and cannot possibly find any difference 
in the two. If the author will consider the design of car under-frames, 
and the high safety factor demanded, he will find that if the extra 
weight of 2,000 Ibs., which is approximately that of an auto-transformer, 
were applied at the very middle of the car, where the strain set up 
would be greatest, he will probably be relieved of uneasiness on this 
score. 

The author has referred to equipments which are in operation on 
the Indianapolis and Cincinnati Railway, and, while I think it does 
not bear on the subject, as he has discussed the application of single- 
phase to main line working with multiple unit trains, it may interest 
the members to know that these cars are of special design, seating eight 
passengers more than the average interurban car, having two passenger 
compartments, a lavatory, parcels space, and luggage compartment. 
The distance between truck centres is greater than in the average 
interurban car, and therefore the under-frame is necessarily heavier. 
The equipments are designed to work at three trolley voltages, namely, 
550 and 3,300 alternating current, and 550 continuous current, which 
conditions, of necessity, increase the weight. As a matter of fact I 
know the weight of car body, under-frame, and trucks is about 68,000 Ibs. 

Mr. Н. M. HOBART : For main line working high tension is absolutely 
necessary. For high tension it seems to me that an overhead con- 
struction is also necessary. The overhead construction has been well 
worked out for the single-phase system. But when we come to the 
question of the motors, we are under a great disadvantage with the 
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single-phase system. Why not use the good feature of the single-phase 
system, namely, the overhead construction for high voltage, and a high 
voltage continuous-current motor? That it has not been used to a 
greater extent heretofore is largely owing to misconceptions. In de- 
signing dynamos for generating stations we have ample space at our 
disposal. In designing dynamos for increasing capacity we find we 
can get better commutator results by increasing the armature diameter 
and having more poles; and a consequence of this is that we find 
we can get better commutating results with a reasonable voltage, 
say 550. But the problem of railway motor design is considerably 
different. There we have an exceedingly restricted space as regards 
both diameter and length parallel to the shaft; and as we go to in- 
creasing capacities we can actually get better results as regards commu- 
tation the higher the voltage; so that whereas some боо volts may have 
been a most favourable voltage as regards commutation for motors of 
30 or 40 H.P., such as were used up till recentlv in light tramway work, 
we actually get better commutating results by increasing the com- 
mutator voltage with increasing rated capacity. When we come to 
main line working we require motors of a capacity of anything from 
150 H.P. upwards per axle, often running up to 300 and 400 H.P. per axle, 
and it is absolutely important to keep them as compact as ever we can. 
Therefore we are restricted to a small diameter. With a given 
diameter the problem is altogether changed. In dynamo design we 
increase the diameter with increasing output. We cannot do that in a 
railway motor. Any one who has the slightest acquaintance with the 
calculation of the commutating properties of motors will find, on looking 
into it, that, with a fixed diameter, one is absolutely aided in getting 
good commutation, with larger rated capacities, by taking higher voltages. 
A failure to recognise this point has been the chief obstacle to raising the 
commutator voltage of continuous-current traction motors. As soon 
as misconceptions on this point are eliminated, the way stands clear 
for high-voltage continuous-current traction ; and I think that a very 
small part of the money which has been spent in developing the single- 
phase motor up to its present state—which still is considerably wanting 
when it is subjected to a strict comparison with continuous-current 
motors—would result in a highly satisfactory continuous-current high- 
voltage motor, and I trust that manufacturers and railway engineers will 
give this matter their careful consideration. 

Mr. C. F. JENKIN: Mr. Dawson at the last meeting spoke almost 
entirely about the compensated repulsion motor, and I should like to 
mention a few points in connection with the compensated series motor, 
upon which Mr. Schoepf has not touched. I can confirm in general all 
the statements Mr. Dawson has made : they are really equally applic- 
able, speaking generally, to either sort of motor. Turning to page 254, the 
author says that the range of power is more limited with an alternating- 
current motor than with a continuous-current motor. Asa matter of fact, 
in laying out a motor for a given service one does not come across any 
limitation owing to this range of power, and therefore the fact that the 
theoretical range of power is less in the one case than in the other is no 
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detriment to the motor. A little further down on the same page the 
author says that the alternating-current motor has a less favourable 
speed torque characteristic. That, I think, is entirely a misapprehen- 
sion. If you refer to the characteristic curves given for the two 
motors, you will see that the single-phase curve falls to the left of the 
continuous-current curve; that is to say that, for a given tractive 
effort, the speed of the alternating-current motor is lower; in other 
words, the motor is rather more self-regulating than the continuous- 
current motor. 

The ideally unsatisfactory characteristic curve, that of the shunt 
continuous-current motor, would be represented approximately by a 
vertical line in the diagram ; the motor would run to a constant speed 
for all torques. Comparing the other two curves with that imaginary 
straight line, it will be seen that the advantage which the series motor has 
over the shunt motor is indicated by its curve falling to the left of the 
straight line ; the alternating-current motor curve falls still more to the 
left. To put it in another way, the only difference betwecn the single- 
phase curve and the continuous-current curve is that the single-phase 
machine is more self-regulating : or, to put it in a third way, you need 
only keep your starting resistances in circuit up to a lower speed with 
the alternating-current motor than you have to with the series motor, 
which, of course, is again a very much lower speed than the corre- 
sponding speed of a shunt motor. The fact, therefore, that the curve 
for the alternating current lies to the left of the other curve is an 
advantage and not a disadvantage. The author a little further on 
refers to the lower efficiency of the alternating-current motor. The 
figures have been published for the motors used on the Oerlikon line. 
They are 200-H.P. motors, and at full load the efficiency is 92 per cent. 
This really does not сет to leave very much to be desired. These 
motors are designed in the same way as those with which I am 
familiar, with commutating poles betwcen the main poles, which gives 
a decided advantage. It enables good commutation to be obtained 
without the use of resistances, or with only very small resistances in 
circuit with the armature coils, and so saves loss there. Mr. Dawson's 
statements with regard to the weights and so on were, I think, quite fair, 
though a little too favourable for the alternating-current motor. On the 
line which the Siemens-Schuckertwerke built at Murnau, which was 
the first line in the world to be worked with compensated series motors, 
and was working and open to the public before any line in America, 
certain calculations were made before the single-phase system was 
adopted. The line was already partly equipped, when it was taken 
over by the Siemens-Schuckertwerke, on the 3-phase system, and it 
became necessary to ascertain whether it should be completed on that 
system or on some other system. Three complete calculations were 
therefore got out, for continuous current, 3-phase current, and single- 
phase current, and the results are as follows :—The efficiencies of the 
Systems, reckoned from the bus-bars to the tyres of the wheels, were, for 
the 3-phase, 66 per cent., for continuous current, 62 per cent., and for 
single-phase, 71 per cent. For the same systems, the cost of installa. 
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tion, including the cost of equipping the line and the equipment of the 
cars, worked out in these ratios: for the 3-phase, 116; for the con- 
tinuous current, 125 ; for the single-phase, 100. You will see, there- 
fore, that the single-phase is 16 or 25 per cent. cheaper, and 5 or 
9 per cent. higher in efficiency than the other systems. This shows, 
I think, that at any rate in some cases the single-phase is very much in 
the running. These figures must not, of course, be understood as in 
any way applicable to general cases; they are only the particular 
figures for a particular line. Mr. Dawson made one statement about 
the advantages of single-phase motors which I do not think can be 
upheld. He stated that the acceleration curve can be made to go up 
straight from the start, or from just after start, up to the maximum 
speed ; that is to say, you could have practically a uniform acceleration 
right up to the full speed. ‘That certainly can be done, but it seems to 
me inevitably to involve a larger maximum load on the motor. "The 
maximum load on the motor occurs where the straight part of the 
acceleration line finishes and begins to go off on to the characteristic 
curve. If you take that point right up to the full speed, it inevitably 
means a higher maximum load on the motor, and therefore I do not 
think you can make use of that method of starting on a railway. Owing 
to the method of control, you could raise the voltage while you are 
accelerating to a higher value than you would afterwards use when 
you were running at full speed. That would enable you to get the 
form of the acceleration curve mentioned by Mr. Dawson, but it would 
involve this extra load on the motor, and is not, therefore, really 
available. 

Mr. P. V. MCMAHON : The first speaker in the discussion raised the 
question of single-phase motors versus continuous-current motors, and 
dealt with the matter so fully that I can add nothing further unless to 
say that I entirely agree with him that, all things considered, the 
single-phase system is better than the 3-phase with conversion to con- 
tinuous current for heavy urban and suburban traction. He next 
referred to the question of substation efficiency. The author gives 78 
per cent. as the maximum efficiency which could be obtained in a 
continuous-current substation, and Mr. Dawson gave 74 to 75 per cent. 
By that I take it he means 3-phase, transforming to the continuous 
current, at the third rail. In the simple continuous-current 3-wire 
system, with substations, fed at 2,000 volts across the outers and 500 
volts at the working conductor, as we have on the City and South 
London Railway, the efficiency of a substation 2% miles from. the 
generating station is 86 per cent., including cable losses between the 
generating station bus-bars and the locomotive ; in another substation 
51 miles from the generating station it is 81 per cent., and the efficiency 
for the whole line between the generating station bus-bars and the 
locomotive is 9o per cent. I do not advocate a system of this sort for 
such heavy urban or suburban work as is contemplated in the London, 
Brighton, and South Coast electrification, but at the same time I do not 
see why advantage should not be taken of the 3-wire method of 
distribution combined with the single-phase system. In this way, it 
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seems to me, a good deal of the rail drop would be got over, that is to M 


say, it would be possible to use a very much higher current density 
per mile of tract, or a greater train density, without increased rail 
drop and the consequent trouble with pipes, etc. The question of 
balancing might naturally arise. Some years ago most traction people 
would have told you that it was impossible to use the 3-wire system for 
traction at all, but five years’ experience and actual working of that 
system has shown us that there is absolutely no difficulty at all in 
balancing. We went to some trouble in the beginning to install large 
balancers, but now the traffic itself balances so well that we do not use 
the balancers. This remark applies equally no matter how heavy the 
service, so long as it is fairly regular. A good deal has been said about 
the third rail, and it seems to me to be too generally condemned. I do 
not see why it should be so condemned, because I think it has many 
advantages over the overhead or the third and fourth rail systems. If 
the overhead system is properly constructed it is perhaps preferable, 
but it must add considerably to the cost as compared with the ordinary 
third rail. I do not see that it is any more difficult to arrange a third 
rail over points and crossings on a main line than in tunnel railways. 
The points are just as complicated in cross-over roads in tunnel 
railways as on the main line, but there are not so many. With voltages 
above 600, it is perhaps inadvisable to use the third rail. Another point 
put forward against the third rail is the danger to the workmen on the 
line. I think that is merely a question of education of the workmen ; 
they soon learn how to keep clear of it; in fact, during the fifteen years 
in which we have been working with Soo volts we have never had any 
cases of accidents to workmen due to the 500-volt third rail. An 
elevated third and fourth rail, that is, a third rail in the centre and the 
fourth rail forming an insulated return on the side of the track, seems 
to me to be absolutely debarred from main line practice, because I do 
not see how you can possibly arrange the fourth rail at complicated 
points and crossings, especially if a locomotive is used. With a motor 
car the shoes, or collectors, at each end give a longer distance between 
the collecting points, and this reduces the difficulty somewhat, but with 
the locomotive, which is much shorter, I do not think it is possible to 
use the fourth. 

Mr. W. M. MoRDEY: In the opening of this paper the author raises 
our hopes by deprecating generalisation, and by expressing his deter- 
mination to attack the technical engineering problem in a strictly 
logical manner. That being so, I felt sure I should find him in agree- 
ment with the conclusions I had come to! But I received a check a 
little further on in his reference to people who had written without 
a grasp of the conditions, and had given railway people misleading 
ideas, particularly those who had written on single-phase working. 


read with great humility and a desire to learn—my desire for truth was- 


uppermost. Well,the author comes to two main conclusions. One, 
condemnation of single-phase working; the other, hopelessness as to 
main line railway electrification. He has my sympathy. Logically— 
and he is above all things logical—if he condemns single-phase work- 
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ing, he must be hopeless about main line electrification. We must 
deal very severely with anyone who is going to prove that it is impos- 
sible or improper to work railways electrically! I think Demetrius 
the Silversmith expressed our views on such doctrines. They are 
dangerous to our craft! But, seriously, I am sorry the author, evidently 
after very careful consideration, has come to conclusions which are 
opposed to those arrived at by many engineers who have thought and 
worked on this subject. The paper amounts to a contribution to the 
battle of the systems. What is the system of the future going to be? 
The author condemns single-phase working because three or four years 
have been devoted to it, and he thinks nothing more is to be hoped for 
from it. Are the results with direct current, after twenty years of effort 
and experience, such as to satisfy us? The author thinks they are. 
He is convinced, for example, that nothing can be more effective 
and economical than the Liverpool-Southport direct-current electri- 
fication, It is not direct-current to begin with. It is alternate current 
up to the substations. What is this economical operation, and what 
is this effective operation—remembering that effectiveness includes 
safety ? 

On the few miles of new railways recently started— Liverpool- 
Southport, Newcastle, District—they killed eighteen people by shock 
in the year 1904-1905. High-tension overhead work could not be much 
less safe than this low-tension track work. Mr. McMahon says he has 
had no fatality in fifteen years. He is to be congratulated, but his 
tunnel conditions are very different from ordinary open railway condi- 
tions. But what is this vaunted direct-current efficiency? The author 
condemns single-phase mainly because of the lower efficiency of the 
motors (page 254), and shows us in Fig. 2 that the efficiency of direct- 
current train motors is very high—nearly go per cent. through a large 
range of output—but is he quite logical? Do not his own figures show 
that motor efficiency has very little indeed to do with train efficiency ? 
Let us examine the direct-current efficiency. Consider the author's 
Fig. 7 and see how little that figure would be affected if the motors 
were 8o instead of 9o per cent. Fig. 7 gives the train losses only. 
What happens before the energy gets to the train is another matter. 
Take, for instance, the vertical speed line in the diagram at 36 miles. 
You will see the train resistance, which is the real thing, takes only 
166 per cent. of the energy that reaches the train, the braking 
takes 535 per cent., the starting resistance 17:8 per cent., or more than 
the train resistance, the motor and gear losses 13 per cent., or nearly as 
much as the driving of the train. Put briefly, the 9o per cent. motor 
gives a locomotive efficiency of 16:6 per cent. This diagram proves, 
to my mind, that for the very purpose for which the direct-current 
system is specially claimed to be good, namely, suburban or town 
traffic, with fairly high average speed and frequent stops, it is, from the 
energy point of view, about as bad as it can be. 

I am very glad to see this Fig. 7—it confirms what I have often 
pointed out,* but have never seen elsewhere recognised : the very poor 


* Electrical Magazine, pp. 45, 266, 477, 577, 1904. 
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results shown by direct-current locomotives under the conditions 
of town lines. 

To illustrate this point further, I may perhaps be allowed to refer 
to two examples of direct-current work—Liverpool Overhead and 
Central London. At Liverpool they boast (and rightly) of a very high 
acceleration. It is a typical town line, with many stops and a good, 
high average speed. Of the energy that reaches the train, the actual 
driving takes 21 per cent., the brakes absorb 50 per cent., and the 
motors, gearing, and starting resistance 29 per cent. How are these 
losses to be reduced? A great English engineer, Mr. Greathead, saw 
one way of doing that, and as a result, on the Central London, each 
station was put on the top of a little hill, the train being braked by 
storing up energy going up the hill, and being started down hill with 
the help of that stored-up energy. The result is that the locomotive 
efficiency on the Central London Railway is more than twice as high 
as on the Liverpool line. But even then, the braking and starting 
resistances each take about 23 per cent. of the energy that gets to the 
train. There is no important difference between the two cases so far as 
the direct-current train equipment is concerned. This shows how 
motor efficiency may be relatively unimportant. 

I think single-phase motors, taken by themselves, are, and always will 
be, of lower efficiency than direct-current motors. The difference will 
probably be 1o per cent. But that difference may be relatively unim- 
portant—it is the efficiency of the whole system that has to be 
considered, not of one bit of it. There is not time to go into this now. 
The author, however, at page 250, admits a gain, for alternate current, in 
transmission to the train of 9 per cent., which should about balance the 
loss in the motor. And there are other gains that are more easily 
attainable by alternate than by direct current. 

Further on theauthor says that with alternate current both power and 
energy must be 30 per cent. bigher, that is to say, the peak must be 
higher, as well as the units generated. Why must they be higher? Is 
it a law of nature? Is there nothing in what we һауе all been believing, 
that it is better to regulate by a back E.M.F. than by a wasteful 
resistance? The direct current peak is at starting on these short subur- 
ban lines. What can be done with alternate current to reduce the 
drain on the station at starting? I made a test some time ago with a 
So-period, r-phase alternate-current, 15,000-volt locomotive, with this 
result. We got about 134 per cent. of full-load torque, with only about 
38 per cent. of full-load primary current. I do not know what the 
power factor was, but taking it at unity, if you like, that means the 
difference between direct current and alternate current would be as 
four to one (or two to one, according to the arrangement of motors) in 
the load on the generating station. So that instead of 30 per cent. 
more, it was 50 per cent. less. But remember, to get this kind of 
effect, we must adopt variable ratio transformation and back E.M.F. 
regulation, and we can only get those by alternate current. There is 
a very great deal to be said for alternate-current working, not only for 
long lines but, I would say, especially for short and busy lines. 
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The author says, on page 254, that 1-phase equipment is two to two 
and a half times as heavy as direct current equipment, and that the 
train will be 30 to 40 per cent. heavier. He quotes two examples, in 
one of which it is 21:6 per cent. heavier. But, granted it is heavier—and 
I think it will be a little heavier—does he not remove his own objec- 
tion by stating, pages 233 and 234, that for main line high-speed long- 
distance work, weight is of secondary importance; that it only accounts 
for two and a half to three and a half out of the total of 13 Ibs. to 15 Ibs. 
per ton train resistance? The author refers (page 252)—this is not a 
matter of principle, but I may perhaps allude to it—to the question of 
rail boosting. I would object that the arrangement he shows is one 
that forces the return current into the rails. The object of a booster, I 
think, should be to get the current out of the rail. 52” 

Four years ago, Мг. Bernard Jenkin and I read a paper on electric 
traction on railways at the Institution of Civil Engineers.* Nobody at 
that time believed in 1-phase working. At the end of the discussion I 
said we were prepared to wait ten years for 1-phase working, which we 
felt must come. We argued inthis sort of way. We must have overhead 
wires for open country work, therefore we must have high tension. If 
we have high tension we must have alternate current. For reduction of 
voltage at frequent intervals we must have static transformers—rotaries 
would be hopeless ; that again means alternate current. We must have 
variable ratio transformation and control if we are going to work eco- 
nomically ; that also means alternate current. We must, or we should, 
have a variable E.M.F., so as to use high tension outside and low tension 
in the tunnels or in the stations ; that means alternate current again. 
And we must have overhead line simplicity—we must approximate to 
the simplicity of the ordinary trolley system—and that brings us to 
I-phase and to a method suitable for either long or short lines, 
without break of electrical gauge. Our argument may have been 
wrong; anyhow, that is how we argued. Since then the alternate- 
current commutator motor has been developed, which can work either 
with alternate or directicurrent, greatly simplifying the break-of-gauge 
question. But even at that time we were not without a quite good and 
practical method of 1-phase driving. One word in conclusion : Logic 
is a very dangerous thing. I was studying “ Jevons on Logic” at the 
time of the Tichborne case. When I found that Professor Jevons was a 
strong advocate of the claimant, I closed the book and have never read 
any logic book since. | | 

Mr. F. W. CARTER (in reply): In writing this paper I had no inten- 
tion of raising a discussion on the single-phase as opposed to the 
continuous-current system of operation, and I hope Mr. Mordey and 
others will read the paper again and realise that on the one hand 
I have referred to sundry other matters, and on the other that I have 
by no means condemned the single-phase system altogether. All I 
have said against it amounts to the statement that in severe suburban 
service it compares very unfavourably with the continuous-current 
system. I see no reason for changing that conclusion. 

* Minutes of Proc. of Institution of Civil Engineers, vol. cxlix. р. 40. 
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Mr. Dawson spoke at length on my paper, and if I reply to him 
pretty fully I expect I shall cover most of the points which have been 
subsequently raised. On one or two points Mr. Dawson has misunder- 
stood me. He refers to a statement of mine on page 252 concerning 
power factor, and claims that the power factor in the single-phase 
system is quite as high as in the continuous-current system. I do not 
admit his claim, but would state that I have said nothing on the 
subject. My reference to power factor is in connection with the 
voltage drop in the track rails, in which we are only concerned with 
the power factor of the current supplied to the motors. This is of 
course unity in the case of continuous-current motors, and less than 
unity for single-phase motors. Again, Mr. Dawson claims to have 
found somewhere a statement of mine to the effect that the multiple- 
unit system of control cannot be used with single-phase motors. I 
have made no such statement, as I know well enough not only that it 
can, but that it is even simpler than in the continuous-current system, 
on account of the series-parallel combinations being absent. 

It seems to have been inferred by Mr. Dawson that in speaking of the 
alternating-current motor I am referring to some particular type which 
is not the best. I may say that anything I have said is intended to 
apply quite as much to the particular motor in which he is interested 
as to any other motor, and anything I have to say now he may take as 
intended to apply particularly to this type of motor. 

Exception is taken by Mr. Dawson to my statement that the equipment 
losses are usually quite as great in the single-phase as in the continuous- 
current system, in spite of the large rheostat losses in the latter system. 
He claims that the motors with which he is acquainted have only about 
4 per cent. lower efficiency than the very best continuous-current 
motors. I believe Mr. Dawson is mistaken in this, but even if it were 
the case at the most efficient load and on the most efficient tap of the 
compensating transformer, the average is certainly much worse. I 
was not referring especially to the efficiency at a particular point, but 
to the overall efficiency in service, and Mr. Dawson has supplied us 
with figures which I think will be sufficient to prove all I would desire. 
In connection with a comparison of single-phase and continuous- 
current equipments for the same service, he gave the equipment 
efficiencies as 742 per cent. and 73:6 per cent. respectively (see Fig. В). 
That is to say, out of 100 parts of energy supplied, 74:2 are delivered to 
the driving-wheels in the single-phase system, and 25:8 are lost before 
reaching the driving-wheels ; similarly in the continuous-current system 
264 parts would be lost. There is therefore only a difference of 0°6 
parts loss in the two cases, in spite of the fact that the continuous- 
current case includes a great deal too much rheostat loss, as I shall 
show hereafter. I therefore adhere to the statement on page 235, and 
consider that Mr. Dawson's figures prove it. 

In stating that the single-phase motor is rated on the same 
basis as the continuous-current motor Mr. Dawson is in error ; it 
is not. If the 115-H.P. motor he has referred to were run for опе 
hour, giving an output of 115 H.P. through the gears, the temperature 
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rise of the armature would exceed оо° C., and somewhat less than 
go H.P. can be obtained through the gears if the temperature rise is 
to be limited to 75° C., as required in the standard method of rating. 
This motor therefore, of which the commercial rating is 115 H.P., 
rates at 90 H.P. on the samc basis as continuous-current motors, whilst 
its weight is correctly given by Mr. Dawson as 2'4 tons, including 
pinion. Now а certain continuous-current motor, which is in common 
use to-day on the Boston Elevated Railway, rates according to the 
same rule at 175 H.P., and weighs 2'15 tons, including pinion. The: 
weight per horse-power on the same basis of rating is therefore more 
than twice as great in single-phase as in continuous-current motors. 


AC- 63۰3 W-H per Ton-mile Av. EffZ AC 74:2, % 
DC - 58 " m " “ | н. и рс 13:6 X 


Zy9MPH. | 25.5M.PH. 


2,583 feet 


: Fic. B. 


Mr. Dawson gave what were supposed to be comparative figures of 
single-phase and continuous-current operation for a particular run of 
2,583 ft. I recognised the figures as having been given, together 
with some curves, in some of the technical papers about the middle of 
November last. I observed at the time that the curves and figures 
were in no sense a comparison of the two systems, but merely an 
effort to discredit the continuous-current system. I have reproduced 
the curves in the diagram herewith (Fig. B), in order to show what 
sort of thing is intended, although I shall really only use Mr. Dawson's 
figures. Now, I want to show you that these curves and figures have 
been got up with the special idea of showing the worst features of the 
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continuous-current motor, and are not in any way representative 
of practice. 

The first thing noticeable is that the continuous-current motors are 
quite unsuitable for the service that they are put to do, and are not 
employed in their normal manner. The rate of acceleration has been 
kept down, in order to be below that of the single-phase motor, and to 
make the period of rheostat running as long as possible. The low 
rate of acceleration and the large amount of rheostat running both 
tend towards making an artificially high energy consumption and a low 
equipment efficiency. Up to the point marked A the loss of energy in 
rheostats is almost exactly 30 per cent. of the total input to that point, 
and the loss in the motors and gears is about 12 per cent. Therefore the 
efficiency up to the point A is about 58 per cent. If coasting is started 
at this point a very unfavourable condition for the continuous-current 
motor would be obtained, but of course the curve would not look very 
much like a continuous-current train characteristic; accordingly a 
little speed-curve running is introduced, but only just as little as will 
pass muster. From dynamical considerations it appears that the total 
amount of energy lost in the rheostats is in this case at least 15 per 
cent. of the whole input. 

And now I would like to show you something else in connection 
with these comparative figures of Mr. Dawson. This is that, in order 
that the single-phase equipment may not appear disproportionately 
large, much greater continuous-current capacity than single-phase 
capacity has been included in the equipment. I, of course, have other 
sources of information, but as these matters are subject to the ordinary 
laws of physics, I propose to deduce all I require from Mr. Dawson's 
figures. I have referred above to the equipment losses in this com- 
parison. Of the 26:4 per cent. loss in the continuous-current equip- 
ment, at least 15 per cent. is lost in rheostats, 5 per cent. in gears, and 
not more than 6'4 per cent. in motors. Of the 258 per cent. loss in 
the single-phase equipment, perhaps 3 per cent. is lost in trans- 
formers, 5 per cent. in gears, and 17:8 per cent. in motors. 

As the input per train mile will probably be greater in the latter 
system (in spite of the lower input per ton-mile), the loss per motor 
cannot be much less than three times as great in the single-phase as in 
the continuous-current motors. Although the former motors are 
larger, they will be unable to dissipate more than 20 per cent. or 
25 per cent. more heat than the latter with the same internal tempera- 
ture. It follows that the temperature rise in service would be very 
different in the two cases, and either the single-phase motors could not 
do the service continuously or the continuous-current motors could do 
a considerably more severe service. As a matter of fact both these 
conclusions are correct. The single-phase motors are over-run to 
show their dynamical capability, and the continuous-current motors 
are under-run, as the eight motors are more than are required to propel 
the train. Mr. Dawson's comparison is therefore ridiculous as a com- 
parison of operation and worthless as a comparison of dynamical 
capability. 


Mr. Carter. 


Mr, Carter. 
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There ig another point which Mr. Dawson raised which is quite a 
fallacy, as was pointed out by Mr. Jenkin. Mr. Dawson claimed as a 
disadvantage of the continuous-current. motor that the acceleration, 
although keeping fairly high up to a certain point (the point A in Fig. B), 
begins to fall off and gets slower and slower during speed-curve running, 
whilst the alternating-current motor can be made to keep up a high 
rate of acceleration to the highest speed. To take advantage of this, 
however, as Mr. Jenkin pointed out, would be very foolish, as such a 
procedure results in a much higher peak of power than obtains if the 
rate of acceleration is allowed to diminish as high speeds are reached. 

This is merely a question of dynamics, and has nothing at all to do 
with the type of motor. The tractive effort multiplied by the speed is 
proportionaltothe power output. Now, thetractive effort is practically 
determined by the rate of acceleration. "This is about the same in the 
two curves of Fig. B, but whilst in the continuous-current curve it is 
maintained at its highest value only up to the point A, where the 
power output reaches its highest peak, in the single-phase curve it is 
continued to the highest speed, which is about 50 per cent, higher than 
at the point A, and therefore represents a 50 per cent. higher peak of 
power. 

The peak of power, compared with the average, is bad enough in 
the continuous-current system, and no engineer would wish to make it 


worse. Taking a concrete example, on the Central London Railway 


the energy consumption has been found to be 42 watt-hours per ton 
mile, the schedule speed is 1477 m.p.h., and the weight of the train is 
125 tons. The average power taken by a train is accordingly 77 k.w. 
The maximum peak of power occurs when the four motors are each 
taking their accelerating current of 200 amperes at 550 volts, being 
then 440 k.w. The ratio of the maximum to the average input is 
accordingly 5:7. Mr. Dawson would have this ratio increased to 8 or 
9, and, in fact, in the particular case of the single-phase curve in Fig. В, 
it is approximately 9. From an operative point of view the advantages 
to be gained from the little longer continued acceleration are much 
more than counterbalanced by the disadvantage of having this very 
high peak of power. 

The one point that Mr. Dawson rather evaded is that of cost, and 
provided both systems can be made satisfactory at some cost, this 
is ultimately the only point of importance. Anyone in a position to 
investigate the subject of suburban service will ascertain that the cost 
is altogether very much higher for the alternating-current than for the 
continuous-current system. In long distance service it is probable that 
the position would be reversed. For main line service undoubtedly 
the cost of the alternating-current system would be lower than that of 
the continuous-current system, but in the case of suburban service I 
cannot see іп the least that it can be other than considerably higher 
both in installation and operation. 

Mr. Dawson has mentioned the extra cost of the substations, and if 
there were nothing but the substations to consider, one could make an 
irresistible case for the alternating-current system. Not so, however, 
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if the system is considered as a whole—the line conductors, the train Mr. Carter. 
equipments, the generating plant, as well as the substations. 

Whilst thanking Mr. Dawson for the good opinion he has expressed 
of my paper, I would state that I see no reason to modify the conclusions 
I have expressed. 

It may be asked why certain continental installations on the single- 
phase system are apparently satisfactory. I believe the explanation 
lies in the fact that the schedule speeds are lower, considering the 
frequency of stops. That is to say, they do not come under the heading 
of severe-service railways, and are covered by the statements in the 
second paragraph on page 256 of the paper. 

Mr. Schoepf objects to the analytic method of treating train 
characteristics. This, however, has nothing to do with the present 
paper, and I am indifferent as to whether Mr. Schoepf uses my methods 
or not. He objects to my statement concerning rotary inertia, and 
says he has found it only about 12 per cent. of the weight of the train 
in the single-phase system. He does not state what class of service he 
refers to, but for multiple-unit trains in suburban service I have usually 
found it 16 to 18 per cent. of the weight. It, however, is not a matter 
of great importance, and, as Mr. Schoepf pointed out, is not properly 
expressed as a percentage of the weight. Mr. Schoepf claims that 
there is practically no electrolysis with alternating currents and con- 
siders 60 or 100 volts drop in the rail of no consequence. Mr. Trotter, 
on the other hand, finds the electrolytic corrosion about half as much as 
with continuous currents and considers 20 volts drop reasonable. I 
prefer to believe Mr. Trotter. Mr. Schoepf gives comparative weights 
of 150-H.P. continuous-current and single-phase motors, and claims 
an even better weight efficiency for the latter than for the former. 
This would certainly not be found the casein service. The commercial 
rating of anew type of motor is, however, quite an arbitrary matter, and 
the weight efficiency of the motor in question would be in no way 
improved for service purposes if it were called a 200-H.P. motor. I 
have no reason to believe that the motor in which Mr. Schoepf is 
interested is superior in weight efficiency to that referred to by Mr. 
Dawson. It is of no use to give us the weight of a motor coach 
equipped with motors of a certain rating, as Mr. Schoepf has done, or 
of a pair of motor bogies, such as Mr. Dawson has given us, without at 
the same time stating what service they are capable of. Continuous- 
current and single-phase motors act differently in ditferent classes of 
service, and are not comparable the one with the other, even if they 
were rated on the same basis. 

As to what Mr. Mordey has said, I can agree with much of it, but 
would point out that my paper is not opposed to it. My objections to 
the single-phase system apply to its use for suburban service, and most 
of the objections I have raised would have little weight if applied to 
main line working. 

Communicatled.—One or two other matters were brought up by 
Mr. Dawson which may cause misapprehension if not referred 
to. He considers that the figure of 78 per cent. given in the 


Mr. Carter. 
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paper for the overall efficiency from generating station bus-bars 
to trains in the continuous-current systems is over-estimated, and 
suggests 74 or 75 per cent.as being more probable. For a modern 
heavy railway system, 78 per cent. is a very conservative figure, and 
80 per cent. would not be unduly high. Possibly the figures he 
suggests obtain in tramway systems. Mr. Dawson refers to the 
capital cost of low-tension feeders and speaks of this large expendi- 
ture as being due to the use of continuous-current motors. The same 
objection has been raised against the continuous-current system by 
other advocates of universal single-phase working, and I have hitherto 
explained it as due to ignorance of railway practice and pardonable 
confusion with tramway practice on the part of persons not very 
conversant with the subject. But, the subject being one with which 
Mr. Dawson is very familiar, he is doubtless aware that the low-tension 
feeders are run from the substations directly to the third rails imme- 
diately outside the substations, and are not run to distant sections, as in 
tramway practice. The length of the low-tension feeders being a 
matter of yards only, it is difficult to see that their cost can be a serious 
item, or that it can be appreciably reduced in the single-phase system. 
There is, therefore, evidently some misapprehension, and I should feel 
personally obliged to Mr. Dawson if he would take an opportunity of 
explaining it. 

I should like to thank Mr. Trotter for the information he has given 
concerning the electrolytic corrosion to be expected with alternating 
earth currents. There is usually less danger of electrolysis from 
railways than from tramways, on account of the rails being fairly 
insulated and at some distance from parallel pipes, and I am pleased 
to observe that Mr. Trotter recognises this fact, and is apparently 
prepared to allow greater latitude to railways in the matter of voltage 
drop, where the conditions appear to warrant it. 

The views of Mr. Hobart on design are always illuminating, and I 
am pleased to find him sanguine concerning the success of the high- 
voltage continuous-current motor. There is doubtless a large field for 
any system which will secure some of the advantages of the single-phase 
system whilst retaining the good mechanical and electrical features 
of the continuous-current railway motor. I admit that I had in 
mind the high-potential continuous-current system in suggesting on 
page 258 the advisability of departing from present standard practice on 
suburban railways where excessively heavy trains have to be operated. 

The speed torque characteristics of continuous-current and single- 
phase motors were discussed by Mr. Jenkin, and he has pointed out 
certain advantages in the characteristic of the latter. Whilst ad- 
mitting these advantages for certain classes of service, I am of the 
opinion that they would be counterbalanced by disadvantages in other 
classes of service. The continuous-current motor characteristic could 
be varied to a considerable extent in the direction favoured by Mr.Jenkin 
by diminishing the saturation of the iron, but experience has deter- 
mined its present usual shape-as the proper mean between a constant- 
speed and a constant-power curve to suit suburban service. Mr. 
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Jenkin’s comparative figures for the Murnau line certainly show that 
in some cases the single-phase system proves the most suitable, which 
is quite in accordance with the opinion I hold. 

Mr. McMahon operates a very interesting system, and is to be 
congratulated on the high distribution efficiency he obtains. Mr. 
McMahon’s experience indicates that, for a line on which traffic is 
frequent and regular, the 3-wire system is well worthy of investigation. 

Mr. Mordey’s remarks are rather difficult to answer without travers- 
ing them in detail. He has deduced from Fig. 7 that the locomotive 
efficiency is lowin suburban service. This is very true, for the locomo- 
tive efficiency depends largely on the class of service and only slightly on 
the efficiency of the motors. In discussing energy consumption I will 
agree with Mr. Mordey that motor efficiencysis relatively unimportant, 
and an inexperienced driver is likely to be more detrimental in this 
respect than a motor of low efficiency. But in discussing the heating 
of the motors the efficiency is the only thing of importance. Lowering 
the efficiency by то per cent. increases the losses in the motor itself 
from perhaps 7 per cent. to 17 per cent. To dissipate these losses 
in motors of a given size requires that the number be more than doubled 
—that is, in service where 7 per cent. loss heats the motor to its limit. 
Hence the greater weight and other conclusions arrived at in the paper. 
The increased weight is a considerable objection in suburban service— 
as is clearly brought out in the course of the paper—but Mr. Mordey 
considers that I have removed my own objection by stating that for 
main line, high-speed long-distance work, weight is of secondary 
importance! With all deference to Mr. Mordey’s great abilities, I 
cannot feel that I agree with his views. 

The PRESIDENT: Gentlemen, we have had a very interesting paper 
and an exceedingly animated discussion, and I am sure the meeting 
will accord the author a very hearty vote of thanks for the contribution 
he has brought before us. 

The resolution was carried with acclamation. 


Mr. Carter. 


The 
President. 
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Proceedings of the Four Hundred and Thirty-fifth | 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday . evening, | 
February 8, 1:i906—Mr. Joun Gavey, C.B., 

. President, in the chair. | 


Тһе minutes of the. Ordinary General Meeting held on Jena 25, 
1906, were taken as read, and confirmed. | 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as hafng been 
approved by the Council :— . | ; 
TRANSFERS, 
From the class of Associate Members to that of Members :— 
Charles Claremont Atchison. Joseph P. McMahon. 
John Lambert. | Henry Dewar Wight. 
| Lancelot William Wild. 
From the class of Associates to that of Associate Members :— 
John Ernest Addyman. | Cyril Renton Heron. 


From the class of Students to that of Associate Members :— 


James Robertson Barr. | Frank Herbert Fitt. 
Arthur Clement Wilmot. 


Messrs. V. A. Fynn and J. А. Aitkin were appointed scrutineers of | 
the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
As Members. 
Capt. the Hon. Alexander E. Hastings Fitz Edward Peet. 
Bethell, R.N., C.M.G. William Edward H. Scharina. 
As Associate Members. 
Walter Herbert Beilby. Cornelius George Nobbs. 
George Percy Cole. Emile Rasecki-Morton. 
Louis John de Wynter. Robert Liewellyn Willoughby 
Anton Falkenbach. Roberts. 
Arthur Jopling. | Arthur Hugo Schultz. 
Henry G. Melly. George Stevenson. 
John Bulmer Morgan. Frederick Taylor. 
William Henry Fullarton Mur- Henry John Whitehead. 


doch. 
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As Students. 


John Archer. 

Hugh Graham Barkley. 
Alan Bartram. 

Wynne Dallett Baxter. 
Montague Butler Bean. 
Arthur Keys Bentley. 
Victor Broadbent. 
Matthew Couchman. 
William Craig. 

Harold Craske. 

Herbert Yates Denham. 
Alexander James Duncan. 
David Stevenson Ellis. 
Richard J. England. 
Norman Foot. 

Arthur R. Fraser. 


Albert Christian Freydendahl. 


Robert H. Gardner. 
Donald William Gollan. 
Charles Bernard Gresham. 
Hugh Melbourne Hart. 
Walter Gear Harvey. 
Bertram Hoyle. 

Robert Gordon Jakeman. 
William Munro Jennings. 
John Jex-Long. 

Harold William Johnson. 
James C. Kelso. 
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Hasan Camrudin Amirudin A. 
Latif. 

Stanley Leigh. 

Hugh Vaughan Lewis. 

Alexander Macfarlane. 

John Thornley Maden. 

Thomas H. Melville. 

John William Whittier Munro. 

Allen Nuttall. 

Samuel Ogden. 

C. D. Jeffery Orchard. 

Arthur Howard Page. 

John Henry Palmer. 

Hubert Francis Parish. 

Henry Cyril Price. 

William Traill Ritchie. 

Edward Claydon Rix. 

John Ambrose Sadd. 

James Austin Smith. 

Percy H. H. Squier. 

Edward John Stevens. 

William Charles Stewart. 

William Whitelegge Thomas. 

Herbert George Tisdall. 

Edgar Watkinson. 

Oswald Welch. 

Gilbert Whitaker. 

Franz Workman. 


Louis Theodore Young. 
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Donations to the Building Fund were announced as having been 
received since the last meeting from Messrs. A. von Boschan, G. B. Byng, 
M. B. Byng, A. D. Constable, The Electrician Printing and Publishing 
Co., J. Т. Haynes, D. Henriques, Н. Hirst, Т. E. Ingoldby, E. Mascart, 
J. M. Smyth ; and to the Benevolent Fund from Messrs. G. B. Byng, 
M. B. Byng, J. T. Haynes, K. Hedges, H. Hirst, S. Insull, H. A. Irvinc, 
W. E. Russell, to whom the thanks of the meeting were duly accorded. 


The discussion on Mr. F. W. Carter's paper was concluded (see 
page 268) ; and the meeting adjourned at 9.30 p.m. 
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Proceedings of the Four Hundred and Thirty-Sixth 

. Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
February 22, 1906—Mr. W. M. Morpey, Vice- 
President, in the chair. 


The minutes of the Ordinary General Meeting held on February 
8, 1906, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members :— 


W. J. Crampton. | Т.Н. Schoepf. 


From the class of Associates to that of Members : — 


C. H. Ellison. 


From the class of Associates to that of Associate Members :— 


J. Eustace. | W. Noble. 


From the class of Students to that of Associate Members :— 
C. Cuthbertson. 
Messrs. W. W. Cook and J. H. Johnson were appointed scru- 


tineers of the ballot for the election of new members, and, at the end 


of the meeting, the following were declared to have been duly 
elected :— 


ELECTIONS. 


ы Ав Members. 


Edward С. De Segundo. .| Johannes Sigfrid Edstrom. 
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As Associate Members. 


John Frederick Avila. 
William Edward Claret. 
Thomas Ingram Craig. 
William Dobson. 


Arthur Penrhyn Drake. 
Sidney Lynch. 

Walter Stanley Mackrill. 
John Edgar Mallalieu. 


As Associate. 


Harry Benedetto Renwick. 
As Students. 


Charles Edmund Abell. 
Leonard Stephen Admans. 
Alfred George Barnard. 
James Elphinstone Baty. 
Frank Blair. 

Joseph Bernard Cahill. 
Michael Richard Cahill. 
Harold John Turner Case. 
Lee Purejoy Causton. 
Rene Armand Coffin. 
Raymond Correa. 

Ralph Crosbie-Hill. 

Henry James Goddard Davison. 
Frederick Cecil Faraker. 


The Hon. Edward Fulke French. 


Erik Friis-Smith. 

John Robertson Geddes. 
Gerald Albert Gilmer. 
Charles Norman Good. 
Reginald Gorham. 

John Greenhalgh. 
Thomas Edgar Harley. 
Richard Harris. 

Lewis Henshaw. 


Hoon Yu Hsu. 

Harold Vernon Hutt. 
Joseph Lawson. 

Charles George Lc Feuvre. 
Gustave Michael Lembcke. 
Lionel Douglas Leonard. 
Harold Marsden. 

William Charles Massie. 
Henry Rogers Massingham. 
Ernest Müller. 

Arthur Wellesly Odlum. 
Edward Stanton Ritter. 
John Frank Rose-Innes. 
Francis Powell Talboys. 
George H. Taylor. 

James Ardern Taylor. 
Hugh Gordon Walker. 
Wai Tsen Wang. 

Thomas Henry West. 
William Westbrook. 
Sidney Percy Whelan. 
James Whitehouse. 
Alexander Forrest Wylie. 
John Henry Samuel Yates. 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. H. Alabaster, Gatehouse & Co., 
M. Ascoli, E. Bennis & Co., Ltd., St. J. Clarke, the Commissioners of 
the St. Louis Exhibition, А. Constable & Co., Gauthier Villars, A. Gay, 
L. Gerard, fhe Radcliffe Library, Oxford, W. №. Twelvetrees, The 
U.S.A. Bureau of Standards, C. Н. Yeaman; to the Building Fund 
from Messrs. К. Н. Burnham, M. M. Gillespie, Н. W. Kolle, W. McGeoch, 
F. P. Seager, J. F. C. Snell; and to the Benevolent Fund from Mr. 
J. К. P. Lunn, to whom the thanks of the meeting were duly accorded. 


The following paper was read and discussed :— 
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CRANE MOTORS AND CONTROLLERS. 


By CLAUDE W. HILL, Member. 
(Paper read February 22, 1906.) 


There is at present considerable diversity of practice in determining 
the size and rating of motors for crane work, the object in all cases 
being to obtain a size of motor such that in the ordinary working of 
the crane its temperature rise shall not exceed what is usually con- 
sidered to be a safe figure, this in English practice being generally 
75° F. If the temperature rise is less than this the motor is larger and 
more expensive than is necessary, while if the rise is higher there is the 
possibility of injury to the motor. | 

In the case of cranes for a specified duty going through a known 
cycle of operations all day long the work of the motor is known before- 
hand, and the most convenient method of specifying and testing is to 
specify that the motor, when run continuously at a given H.P., shall in 
a stated time attain a temperature rise which shall correspond with 
that which it will attain when driving the crane all day long in the 
usual way. 

The point to be determined here is the method of calculation by 
which we can ascertain the load and time which shall produce a rise 
of temperature equal to that produced in the usual way of working. 
This is one of the points with which it is proposed to deal in this 
paper. RS | 
It is sometimes desired by purchasers that the motor shall be tested 
by running it intermittently at its stated H.P. for a sufficient time for 
its temperature to become steady. "This is an unnecessarily expensive 
way of testing, and is moreover useless, because we cannot introduce 
the same starting conditions as to friction of repose and inertia load as 
will be encountered in actual work. 

In the general run of crane work we do not know beforehand what 
the average work of the crane will be, so that the size of the motor has 
to be a more or less fortunate guess. It is owing to this uncertainty 
that the diversity of practice already mentioned has grown up. 

Some of the more common methods of specifying are as follows :— 

(1) The Н.Р. required to lift or move the load, plus gearing losses, 
is taken as the B.H.P. of the motor. The motor is specified to be of this 
power, with a load factor of 20%, 25%, etc. (as the case may be), 
with continuous runs not exceeding, say, five minutes and temperature 
rise of 75? F. Thus a motor of ro B.H.P. with 20 per cent. load factor, 
if worked intermittently at ro B.H.P. with periods of rest four times as 
long as the periods of working, the latter in no case exceeding five 
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minutes, would have a final mean temperature 75° F. above the 
atmosphere. 

(2) The H.P. required to lift or move the load, exclusive of gearing 
losses, is taken as the B.H.P. of the motor. The motor is specified to 
be of this power and to be capable of exerting double power for a few 
minutes. 

(3) The H.P. required to lift or move the load, plus gearing losses, 
is taken as the B.H.P. of the motor. It is specified to maintain this 
power on a continuous run of one hour with a rise of 75° F., and to 
maintain half this power for four hours with the same rise of 
temperature. 

(4) The Н.Р. required to lift or move the load, plus gearing losses, 
is taken as the B.H.P. of the motor. It is specified to maintain this 
power on a continuous run of 1, 4, or I hour, as the case may be, with 
arise of temperature of 75° F. 

In cases where the work of the crane cannot be exactly ascertained 
beforehand, the author considers that the last method of specifying 
and testing is most convenient both to the purchaser and the maker. 

The decision as to whether a }, 4, or 1 hour motor is most suitable 
in such cases cannot be settled by calculation, but is a matter for 
judgment based on previous experience. An examination into the 
characteristics of }, 4, and 1 hour motors is, however, of assistance 
in forming a decision, and is another point with which it is proposed 
to deal in the present paper. 

Rise of Temperature.—For the calculations relating to the rise of 
temperature the author has availed himself of Goldschmidt's paper,* 
and has used the formula given by Professor Silvanus Thompson in 


the discussion— 
t 


C= M x (1-677) ЖЕ 


in which M is the final rise of tempcrature of the motor when running 
continuously, C, the rise of temperature at any time ¢ from commence- 
ment of run, and T the time in which the rise of temperature M would 
be attained if there were no loss of heat. Time being taken in minutes. 

The value of M is found by formula No. 2, which was first given by 

Мг. W. B. Esson } in his paper at this Institution in 1888— 
CW 
M=- LLLI 
in which C represents the rise of temperature for an energy loss of 
one watt per square inch of radiating surface, W the watts, and S the 
surface in square inches. 

For purposes of comparison some values of C taken from machines 
of widely different design are given in Fig. r. In Fig. 2 two curves 
are given, taken from the first machine in Fig. r, showing how the 
value of C, both for the armature and magnets, varies with the speed.j 

* Sournal Institution of Electrical Engineers, vol. 34, p. 660. 

t Ibid., vol. 19, p. 148. 


1 Similar curves are given in Parshall and Hobart's “ Electric Generators," and 
„Professor Thompson's “ Dynamo- Machinery." 
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The temperatures were in all cases taken by thermometer, and on 
six-hour runs. 

In the case of a machine running intermittently, in order to deter- 
mine its ultimate mean temperature we require to know the rate at 
which its temperature rises when working and the rate at which it 
cools when stopped. By taking the differences of rise and fall over 
the successive periods of work and rest and summing them, we obtain 
a curve which ultimately becomes flat. 

The Heating Curve.—In order to determine the value of T in formula 
NO. I we require to know the specific heat and volume of that portion 
of the machine to which the formula is being applied. For an insulated 
coil we require to know the mean specific heat, which we can derive 
from the respective specific heats of copper and cotton insulation. 


Values of C. 


о 500 1000 1500 2,000 2500 $000 
Peripheral speed of armature, feet per minute. 


FIG. 2. 


The specific heat of such a coil will vary with the space factor, and, 
taking copper at о005 and cotton insulation at 0°38, the curve, Fig. 5, has 
been prepared showing the relation. A further curve, Fig. 4, has been 
prepared from this, showing the relation between the space factor and 
the watts per cubic inch which would raise the temperature of the coil 
at the rate of 1? C. per second if there were no losses. 

From the known dimensions of the coil the value of T can be found 
from formula No. 3— 


7 болғ, 
іп which w, are the watts per cubic inch of coil апа W the watts per 
cubic inch (taken from Fig. 4) which would cause the temperature of 
the coil to rise at the rate of 1° C. per second. In the case of open 
machines a curve based upon the above value of T seems to agree very 
well with the curve found by experiment, as may be seen in Mr, 
VoL. 86, 20 
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Goldschmidt's paper and the curve in Fig. 5. With enclosed motors, 
in determining T it appears to be necessary to include something more 


. Specific heat. . 


A 5 . 

Space factor. 
FIG. 3. 

than the dimensions of the coil, as some portion of the machine carcase 


in proximity to the coil is heated to practically the same temperature. 
Thus, if we base T on the dimensions of the coil only, we get а ` 


Watts per cubic inch of Coil giving a rise 
of 1° C. per second 


curve which is considerably to the left of the observed one; while if 
we base T upon the specific heat and volume of the entire machine, 
we get a curve which slopes away very much to the right of that found 
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by experiment. Thus, in finding the watts per cubic inch, upon which 
the value of T depends, we must add to the volume of the coil some 
portion of the volume of the machine carcase ; but as the amount of 
this additional volume is indeterminate, we may instead multiply T 
(taken from the known dimensions of the coil) by a constant K found 
by experiment from the nearest parallel case. 

The value of K is given by the formula No. 4— 


K= tloge 


M 
Tlog (с) 
in which / is the timc from the commencement of the run at which а 
temperature is taken, C, the temperature at that time, and M, as before, 


(4) 


50 


Degrees Centigrade. 


Hours. 
FIG. 5. 
ре Factor, 0°38. Watts per 1° C. per second, 36°75. Observed ро х. 
atts per cubic inch, 0457. М = 43 Т = 58. Calculated points, ©. 


the final temperature to which the coil rises. Examples are given in 
Figs. 6 and 7, taken from the totally enclosed machine shown in 
Fig. 1. This machine was of somewhat special design for a special 
purpose, and possibly the discrepancies between the various curves 
would not be so great with a machine of more ordinary type. Also it 
should be mentioned that the armature test was made with a current 
2:25 times the normal, and that it was not run up to the final tempera- 
ture of 135? C., this being calculated from the constant 62:5 found from 
a six hours' run at normal load, in which unfortunately no intermediate 
readings were taken. 

The Cooling Curve.—An example of a cooling curve, taken off a coil 
of dimensions similar to that of which the heating curve is given in 
Fig. 5, is shown in Fig. 8. This curve may be calculated by reversing 
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so 


rees Centigrade. 
5, 


50 
Ф 
с 
IO 
о 1 2, 5 4 5 © 
Hours. 
Fic. 6. 
Curve A (Calculated). Curve B (Observed), 
Space Factor, 0°28. Watts per 1° C. per second, 33. Т = 33'5 х 2°36 = 701. 
Watts per cubic inch, о675) М = 4r. Т = 335. 
К = —— 120 × 4343 — 2:36. 
; 41 
335 x log (-4-.) 
41- 32 
о 
140 
‚120 
Ф 
© 0 
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5o 
دد‎ 
3 80 
о 69 
с) 
Ф 
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FIG. 7. 

Curve A (Calculated for Armature Coils only’). Curve B (Calculated for whole Armature), 
Space Factor, 0°34. Specific Heat of whole Armature, 0117. 
Watts per cubic inch, 3°66. Watts per 1? С. per second, 40-5. 

Watts per 1? C. per second, 352. Watts per cub. in. (iron and copper losses) 1°72, 
M = 135. T = 21:6. М = 135. Т = 5155. 
| Curve С (Observed). 
T = 5r'5 x 2°62 = 135. 
120 x ' 
K= ae = 2°62, 
51°5 log ( ———»3—-— 
АТР 5( 
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Formula No. 1, but multiplying T by a constant K’, which must be 
found by experiment, as it will be found that, although all machines 
cool down at a slower rate than they heat up, the rate of cooling 
varies with the design of machine. 


Degrees Centigrade. 


Machines of 1, +, and т Hour Ralings.—In Table I. the temperature 
data have been worked out for three sizes of machine—A, B, and C. 

For each machine a series of temperature curves such as those 
shown in Fig. 9 have been calculated, and from these, curves such 
as Fig. то have been prepared showing the relation between length 
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FIG. 9. 


of run and H.P. for a temperature rise of 41°5° C. (75° F.). For 


each machine the load has been worked out for a temperature rise 
of 41:5? C. on a run of 3, 4, and 1 hour, the winding being the same for 
each rating. 

It will be noted that notwithstanding the heavy loads the reactance 
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voltages, even at the -hour ratings, are not excessive. If, however, 
the machines were wound for a circuit of double the voltage (1.е., 
440 instead of 220), these reactance voltages would also be doubled, 
and it would then be desirable to use commutating poles. 

The armature data have been worked out for each machine, but 
magnet data have only been got out for machine C. These figures 
show that as T has not the same value for both armature and magnet, 
their respective rises of temperature, if the windings remain the same, 
will not be the same at the different ratings. 

Thus in the example given the armature and magnet rises practi- 
cally correspond for the -hour rating, while for the -hour the magnet 
rise is greater, and for the 1 hour less, than the armature. 


- Minutes. Е 


FIG. IO. 


It has been generally noted among crane-makers that 4-hour 
rated motors have a habit of burning out with a facility which has 
been somewhat surprising to them. 

If, however, we look into the matter we find that it is not so 
surprising that this class of machine should fail with quite moderate 
overloads. 

A sudden evolution of heat such as would be caused by an over- 
load does not immediately spread throughout the armature. Being 
localised, it heats a smaller volume, so increasing the rate of rise, while 
at the same time the amount of heat generated is proportional to the 
square of the current. 

On the above assumption some figures of a rough character have 
been worked out, and are given in the lower part of Table I. These 
show how very rapidly the rate of increase of temperature increases 
with the overload on short-rated machines. 
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From the figures in Table I. we may conclude that the }-hour 
motor has a very limited field of application, while the 4-hour motor 
is suitable for the generality of cranes having low load factors, and 
the r-hour motor is suitable for cranes which are worked moderately 
hard. 

Molors Working on a Known Cycle.—Taking the simplest case of a 
motor working at a given H.P. for a stated time and then standing for 
a stated time, the final mean temperature, above the atmosphere, will 
be attained when the rate of heating x the time of working equals the 
rate of cooling x the time of standing. This has been worked out for 
the machines A and C, and in Figs. 11 and 12 curves are given showing 


above atmosphere, 


Final steady temperature in degrees C. 


4 D 4 °3 
d Factor. 


FIG. 11. 


Working period one minute in each сазе. 


MACHINE C.—84 B.H.P., 440 r.p.m., 220 volts, 311 amperes. 
Rise of Temperature in continuous run of 1 hour at 84 B.H.P. — 41:5? C. 


Load Factor = _______ Time of working ||| 
Time of working + Time of stopping 


the relation between load factor and final temperature when the 
machines are run at the same H.P. as would result in a rise of tempera- 
ture of 41°5 C. in one hour’s continuous run. 

We note that for the same rise of temperature the load factor 
of the small machine is greater than that of the large one. 

This illustrates the point that for a given load factor and rise of 
temperature the larger the machine the longer must its time rating be. 

A point which has to be taken into consideration is that each time 
the motor is started its current, for a time, exceeds the normal to a 
greater or less extent, and we ought, therefore, in our calculations, to 
take the mean current during the working period, and not merely the 
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current after the motor has settled to its steady speed. If the working 
period is short, we may for practical purposes take the equivalent 
current during the period to be as given in formula No. 5— 


Py pe 
"EN ee жузщ Б (5) 


in which С, is the mean starting current, f, the starting period, C,, 
the normal running current, and 1, the normal running period. In 
Fig. 11 for machine C three curves are given, one in which no account 
is taken of the starting current, a second in which the mean starting 
current is taken at r5 times the normal, and a third in which it is 
taken at twice the normal. 


Final steady temperature in degrees C. 
above atmosphere 


X 2 .2 A .5 -Ô 7 
Load Factor. 


FIG. 12. 


Working period one minute in each case. 


MACHINE А.-345 B.H.P., 490 r.p.m., 220 volts, 14:5 amperes. 
Rise of Temperature in continuous run of 1 hour at 3°45 B.H.P. = 41°5°C. 


Load Factor ga FIDE OF WORE 22 
Time of working + Time of stopping 


In Fig. 12, for machine A a curve is given for normal current only, 
and a second in which the mean starting current is twice the normal. 
In all these cases the starting current is taken as being on for fifteen 
seconds out of a working period of one minute. 

An examination of these curves shows how very necessary it is 
to take into account the starting currents when the working periods 
are short. 

The Load Faclor.—ln the general run of crane work the load 
factor is low, as might be expected from the fact that 3-hour motors 
have been found satisfactory. The lowness of the load factor is due 
not only to the motors having fairly long standing periods, but also 
because they do not exert their full power every time. 
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Wherc the motor exerts its full power each time, the load factor is 
given by the formula No. 6— 
o АҒ 
/== г + l 4. . . . . . . . . (0) 
in which /' is the time of working, aud /" the time during which the 
motor is stopped. 
Where the power varies we have to include the H.P., and the 
formula then becomes— 


{= HP, хг 

H P x (/ + t") Bold e. bie А2 Jas (7) 
in which НР, is the Н.Р. exerted during the time / and H P is the 
rated H.P. of the motor. 

The load factor so found is correct so far as the supply of current 
to the motor is concerned, but is not correct with respect to the heating 
of the motor, which is proportional to the internal losses, which, again, 
are approximately proportional to the square of the H.P. 

For the purpose of dealing with the motor temperature we require, 
then, a second load factor given by formula No. 8— 

H P,? x г 
= нр ы”) ж об» 16 % e ЧЭ) 


We may call the first the external load factor and the second the 
internal. 

In Tables II., IIT., and IV. are given some test figures taken from an 
overhead travelling crane which was designed by the author and 
constructed by the Cleveland Bridge Co. 

From these figures the external and internal load factors havc 
been calculated and added at the foot of each table. 

On the hoisting gear a shunt motor is used, giving a regenerative 
effect when lowering, and so reducing the external load factor. 
On the other hand, the internal load factor is slightly increased by 
the regenerative current, as the heating of the machine depends only 
on the passage of a current through it, and not upon its direction. 
This method of using a shunt motor to drive the hoisting motion of 
cranes has been in use by the Cleveland Bridge Co. for nearly 24 years 
on several cranes, the advantages being complete control over the 
speed of lowering, a slight economy in current consumption, and a 
considerable economy in wear and tear of brake gear. 

In settling the test to be specified for a crane motor, the internal 
load factor is an important figure. 

Having (either by the test figures of a previous crane or by cal- 
culation) constructed a table such as Table II., and found the load 
factor, and having also determined the H.P. necessary for the crane 
when fully loaded, we may by means of curves such as those of 
Figs. 11 and 12 ascertain the length of run at the full H.P. of the motor 
which will give the same rise of temperature as will be attained when 
the motor is driving the crane iu regular work. 
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Figs, 13 to 16 are examples of amperemeter diagrams taken from 
the overhead crane of which figures are given in Tables II., III., and IV. 
Figs. 17 and 18 are from a 5-ton derrick crane, and Fig. 19 from a 
IS-ton Goliath. In the two latter cases the electrical driving arrange- 
ments only were designed by the author, and not the cranes. These 
diagrams show the relative starting and running currents, from which 
the equivalent mean currents during each run have been calculated. 
They also show the regenerative currents obtained when lowering loads 
with the shunt motors. 


Tm Em T" 
ااا ااا الا‎ ASS, 


Seconds. 


FIG. 13. 
Lifting 15 Tons. 


Mean starting current, 53 amperes. 
» running 5 50 ” 
during гип 504 , 


Controllers—In the design of a controller there are two principal 
objects to be attained. Firstly, the height of the current peaks must 
be limited to such an amount as may be convenient, having regard to 
the circuit-breakers and fuses ; and secondly, the motor to which the 
controller is connected must be brought to full speed within such time 
as may be required. In order to attain full speed in the shortest 
possible time the height of current peak on each step of the con- 
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FIG. 14. 


Lowering 15 Tons. 


Mean starting current, 25 amperes. 
» running » 2I وو‎ 
, during run 215 ,, 


troller should be the maximum permissible. When the controller 
is on the first step the current simply depends upon the voltage of the 
circuit and the resistance of the motor and controller. At this point, 
then, the resistance in the controller must be such that at the moment 
the circuit is made the current which flows shall not exceed the 
maximum allowable. This decides the total amount of resistance, and 
in order that the current shall rise to the same value, each time the 
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controller is moved a step forward the resistance must be graded in 
accordance with formula No. 9— 


САя-І 
Ra, b,c, &c.= x (С) уш Жол at web Жж. 10) 
in which Ra is the total resistance with the controller on the first step, 
КЬ the resistance on the second step and so on, 7 the resistance of the 
motor, C, the maximum current, and C, the value to which the current 
falls before moving on to the next step and л the number of steps іп 
circuit at any time. 


E 
RK 0 
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Lp cp quu que 


FiG. 15. 


Travelling 30 Tons. 


Mean starting current, 79 amperes. 
„ running  ,, 50 n 
during run 675 


From the above formula we can also determine the number of 
steps which a controller must have in order to fulfil the given require- 
ments, by means of formula No. 10— 


ets log R — log? 


log (c) — m ДО) 


As an example of the application of the above formula we may compare 
Fig. 13 with Fig. 19. The motors 
and controllers in both cases were 
identical, but the controller of 
Fig. 19 had the resistances graded 
in accordance with the formula, 
while that of Fig. 13 had not. It 
will be noted that in Fig. 13 the 
mean starting current is 53 amperes 


Fic. 16. 


Traversing 30 Tons. 


with a maximum of 140, a ratio of Mean starting current, 28 amperes. 
Р ч . . ; » running " 14 
2:6 to 1, while in Fig. 19 the mean 5 during rui i 


starting current is 58:6 amperes with 
a maximum of 80, the ratio being in this case 1°36 to I, so enabling 
the circuit-breaker to be set much closer to thc running current of the 
motor. 

In addition to the two principal requirements above mentioned, the 
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controller is sometimes required to be capable of bringing the motor 
down to a very slow speed. For this purpose additional steps have to 
be provided, with further resistance in addition to that found by the 
above formula. | 

As an example of the application of the formula a controller design 
has been worked out for machine C }-hour rating, and the complete 
starting diagram is given in Fig. 20. In this it is assumed that the 
slowest speed required will be 10 per cent. of full speed, and that the 


FIG. 17. 


Lifting § Tous. 


Mean starting current, d 5 amperes. 
ә running - ” 
» during run 2. 7 » 


lightest load will be equivalent to 4 the full torque of the motor, апа it 
is further assumed that a mean starting current 25 per cent. in excess 
of the normal running current is required to give the necessary 
acceleration. 
The full linesin Fig. 20 show the diagram when starting on full load, 
and the dotted lines the diagram when starting on the lightest load. 
The first three steps are slow-speed steps, and the remaining five are 


Fic. 18. 


Lowering 5 Tons. 
Mean starting current, 3179 amperes. 
A running ” 25 ” 
35 during run 25° 8 » 


acceleration steps. The motor can, however, be run with the controller 
on any step without the height of the current peaks exceeding those 
shown. 

Although this controller will reduce the speed to ro per cent. of 
full speed on full load and on the lightest load, it will not do so on 
intermediate loads, as will be seen from Fig. 21. To do so using 
series resistance only would require an altogether impracticable 
number of steps. 


1906.] HILL: CRANE MOTORS AND CONTROLLERS. 805 


A generally lower speed with any load from the lightest to full load 
without increasing the number of steps may be obtained by arranging 
resistances in parallel with the armature, in addition to those in series 
on the slow-speed steps. 


Listing 10 Tons. 


Mean starting current, 58:6 amperes. 
LJ running » 42`5 » 
„ during run 437 » 


By using a resistance of o't ohm in parallel with the armature on 
the first step, 0075 ohm on the second step, and 0065 ohm on the third 
step, we obtain the speeds, torques, and currents shown on Fig. 22, 
which it will be seen give slow speeds over a wide range of load. 
This diagram shows the currents on the first three steps, while the 
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FIG. 20. 
Full lines indicate controller diagram with full load. 
Dotted ,, А » е » load requiring 4 full current = approx. } full torque. 


currents on the remaining steps are as shown in Fig. 20. One 
advantage of using parallel resistances for the slow-speed steps is that 
the current through the armature when standing exceeds the running 
current by a greater amount than when series resistances are used, so 
that the machine can exert a greater starting torque on these steps. 
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| | \ \ 
NJ 3 ^ A ull. load | current | 
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The controller described is only suited for a series motor and 
positive driving, so that it is necessary to provide in the hoisting train 


? 8 
N 
= Revs. per min. 


ge of full torque. 
8 
м 
Ux 
О 


$ 


100 


Percenta 


20 50 


Amperes. 


FIG. 21. 


an automatic mechanical brake which will prevent the load over- 
hauling the motor. 
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When it can conveniently be arranged, it is better to use a shunt 
motor and regenerative control for lowering as already described, 
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APPENDIX. 


The following formulz, most of which are based on the curves, etc., 
in the foregoing paper, are useful for the purpose of determining times 
and temperatures and the relation between the temperature attained 
when working intermittently with different load factors and that 
attained when working continuously. 

Value of T.—When designing a machine in detail, formula No. 3 
may conveniently be used. It will, however, be noted that as M and w, 
both vary in proportion to the watts lost in the coil, the value of 
T depends only on the space factor and dimensions of the coil, and 
is independent of the current passing through it. 

The value may then be found by the formula— 

WCV 
T= how д A eo, лес LE) 
in which V is the volume in cubic inches and S the surface in square 
inches, W being taken as before from curve No. 4. The formula 
of this curve being— 


W = 23°12 + 34888. . . . . . . (12) 
in which g is the space factor, the formula for T becomes— 


т— (0312 + и 2222020. (13) 


Relation of Intermittent to Continuous Running.— The formula for 
the heating curve being— 


CM x (1-7) sss s @) 


for the cooling curve— 
і 
C=sM xc TK ..... . . (Id) 


and for the ultimate rise of temperature when running continuously— 


CW 
Mac. ы ығ ы de ws dio 42) 
we may by means of these formulae calculate such curves as Fig. 11, 
in which is shown the relation between load factor and ultimate 
temperature rise of a machine working intermittently which, if worked 
continuously at the same load, would have a temperature rise of 41°5° C. 
in one hour. 

The curve may alternatively be arranged as shown in Fig. 23. 
This has been worked out for machine A, for a case in which the mean 
starting current is twice the running current as shown on the small 
diagrams Fig. 24 A, B, etc., and shows the relation between load factor 
and Н.Р. which will give an ultimate temperature rise of 41:5? C., and 
also the length of continuous run which for each H.P. will produce 
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the same rise of temperature. Thus, turning to the curve, for a load 
factor of 0°25, the machine may be worked at 3:4 Н.Р. for an ultimate 
rise of 41:5? C.,and the temperature rise will be the same if the machine 
is worked continuously for one hour at this H.P. 
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FIG. 23. 


A. Time of continuous run at rated H.P. for a rise of 41:59 С. 

B. Load Factor for a rise of 41°5°C. when starting current = normal current x 2 for 15 
seconds out of 60. | 

C. Load Factor for a rise of 41°5° С. when starting current does not exceed normal running 
current. d 
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FIG. 24. 
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In addition to the formulz already given, we require, in calculating 
curves such as Figs. 11, 12, and 23, to be able to determine the load 
factor and ultimate temperature rise when working intermittently. 

As has already been remarked in the paper, the temperature of the 
machine when working intermittently on a definite cycle, that is, with 
a definite load factor (see Formula No. 6), will be steady when the 
mean rates of heating and cooling are inversely proportional to the 
times of working and standing. The load factor (or cycle) with which 
a machine may be worked in order that its mean temperature shall 
not exceed that attained when working continuously at the same H.P. 
for a given time, may be obtained graphically from the heating and 
cooling curves, but it can be found more expeditiously by calculation 
if we assume that the mean rates of heating and cooling correspond to 
the rates of heating and cooling at the mean temperature required. 
This assumption is not, of course, quite correct, but the error which it 
introduces is so minute as to be negligible in the case of machines, 
such as crane motors, which work for exceedingly short periods. We 
may then calculate the load factor from the differential coefficients of 
the curves, without taking into account the times of working and 
standing. 

The differential coefficient of the heating curve (Formula No. 1) is 


dC, M _# 
a TE T og cw ex . (14) 
which can be expressed more simply as 
d C, ._ . M—C, 
"di (heating) = Т Ул. uh ad Чы cal. ге (т4а) 


This gives the rate of heating when the machine has attained the 
required temperature rise С, on a continuous гип of the given time £. 
The rate of cooling at this temperature is 


d C, . PES С, 
"dr (cooling) = | OMEN (145) 
'The formula for the load factor is then 
C, 
- Тк” 
f= МС, С” . . . e в (15) 
T T K 


The calculation is simplified by the fact that while the rate of heating 
at the given temperature increases with the load, the rate of cooling at 
this temperature remains constant. 
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DISCUSSION. - 


The CHAIRMAN (Mr. W. M. Mordey, Vice-President): Mr. Hill has 
given us a practical and useful paper on a subject that is of in- 
creasing interest, and I will ask Mr. Alexander Siemens to open the 


discussion. 


Mr. ALEXANDER SIEMENS: I would like especially to call your 
attention to one portion of the paper, which I will read out, because I 
desire to discuss it. The author says: “Some of the more common 
methods of specifying "—that is, the size of the crane motor—“ are 
as follows :— 

“(1) The Н.Р. required to lift or move the load, plus gearing losses, 
is taken as the B.H.P. of the motor. The motor is specified to be of 
this power, with a load factor of 20 per cent., 25 per cent., etc. (as the 
case may be), with continuous runs not exceeding, say, five minutes and 
temperature rise of 75? F. Thus a motor of 10 B.H.P. with 20 per cent. 
load factor, if worked intermittently at то B.H.P. with periods of rest 
four times as long as the periods of working, the latter in no case ex- 
ceeding five minutes, would have a final mean temperature 75? F. above 
the atmosphere. 

* (2) The H.P. required to lift or move the load, exclusive of gearing 
losses, is taken as the B.H.P. of the motor. The motor is specified to 
be of this power and to be capable of exerting double power for a few 
minutes. 

“ (3) The Н.Р. required to lift or move the load, plus gearing losses, 
is taken as the B.H.P. of the motor. It is specified to maintain this 
power on a continuous run of one hour with a rise of 75? F., and to 
maintain half this power for four hours with the same rise of 
temperature. 

* (4) The H.P. required to lift or move the load, plus gearing losses, 
is taken as the B.H.P. of the motor. It is specified to maintain this 
power on a continuous run of 1, $, or 1 hour, as the case may be, with 
a rise of temperature of 75? F." 

What I want particularly to call attention to is the specification that 
motors running on intermittent loads should be rated by being run 
continuously for one hour at the rated Н.Р. That is manifestly not 
right. For one thing, the small motorsarrive at their final temperature 
much sooner than the large ones. "Therefore, if you run a small motor 
for one hour continuously, and call it an intermittent motor, you might 
just as well call it an ordinary motor that will do the same work for 
ever. On the other hand, a big motor will not attain its final tempera- 
ture in the one hour, and may be far too large for the work. The whole 
subject has been treated in a very thorough way by Mr. Oelschlager ina 
paper published in the Electrotechnische Zeitschrift of December 20, 1900. 
Mr. Oelschlager there shows that the question of the size of an inter- 
mittent motor really depends on two factors : (1) The proportion of the 
time that the motor is doing work to the time that it is resting ; and 
(2), the length of the time that it is doing work. In order to show the 
influence of the second factor, let me give you these figures. If you 
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have a machine which runs for one-and-a-half minutes and then stands 
for ten-and-a-half minutes, so that the total period is twelvc minutes, 
we would call that a time factor of one-eighth. On the other hand there 
may be a machine which runs for two hours continuously and then stands 
for fourteen hours, so that the period is sixteen hours, but the time factor 
would there be also called one-cighth. That shows that you cannot go 
by the time factor alone ; but vou must put in your determinations the 
time that the motor is actually used. Mr. Hill has given us a number 
of equations to show how to calculate that out, and he also says that 
you have to add here a constant and there a constant, which have to be 
determined by experiment. But these formule, although they look so 
nice, are not really practicable. For instance, he brings in the surface of 
radiation, but the surface of the magnet inside the machine, where it is 
facing the other magnet, is not as good a radiator as the surface which 
is facing outward ; and therefore you have to put in a lot of constants 
and factors to correct those diversities. Mr. Oelschlüger has gone the 
other way round: he determined experimentally a large number of 
curves showing the increase in temperature with different loads, until 
the steady temperature is obtained. He also determined by experiment 
the curve of the motor for cooling. 

After showing how these curves may be used to illustrate the 
changes in the temperature of a motor with an intermittent load, 
Mr. Oelschlager goes further, and deduces mathematically that the 
real critical constant that you want to know is what he calls the 
time constant (just the same as Mr. Hill) and which in reality 
is the time which the motor requires to reach 0:633 of its final 
temperature. 

With the help of the time constant a number of curves can be 
constructed showing the heating of the motor, while the proportion 
between the period “а” that it is doing work, and the time constant (T) 
varies. А$ “а” diminishes, these curves become steeper, until at last 
you have a hyperbola in the case where “а” is infinitely small as com- 
pared to T. As a matter of fact this period T is several hours for 
most of the large motors; therefore the period “а” in crane work is 
so small that you need not trouble about any curves, except for the 
end curve—the limit curve, so to speak. 

The principal object of my talking at such a length on this point 
is to impress upon you that it really makes a great deal of difference 
whether you select your motors by a test of one hour's continuous 
running under all conditions, or by tests graduated in accordance 
^ with the curve. In other words, Mr. Oelschlager comes to the same 
conclusion that Mr. Hill has come to, that you can substitute for a 
test of intermittent working a continuous run of a certain number of 
minutes' duration, and if the machine does not attain the forbidden 
temperature during that run of so many minutes, neither will it attain 
it in the intermittent work for which it is destined. 

The following table gives these values for one type of standard 
motors manufactured by my firm for crane work :— 


Mr. 
Siemens. 


Mr. 
Siemens. 


Mr. Bate. 


Aitken. 
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TiMES IN MINUTES AT HORSE-POWERS STATED TO REACH 80? F. RISE 
WITH EQUIVALENT TIME FACTOR RATING GIVEN OVER 
EACH COLUMN. 


X eee 

TYPE, | 1/8 | 1/6 1/4 | 1/3 | 1/2 
p Min. | Н.Р. Min. | H.P. | Min. | H.P. | Min. | Н.Р. | Min, | H.P. | 
6-С. | 15 | 7 | 20 | б | 30 | 5 | 40 | 44| бо| 3i. 
8-С. 15 ІІ 20 | 9 | 30 7 40 | 5| бо} 4 | 
94-С. | 18 | 15$ | 25 | 134 | 37 | пи | 50 | 9 | 75| 7 | 
І1-С. 22 | 23 30 |20 | 45 | 16 | 60 |13 go | IO . 


I3-C. 26 |35 | 35 |30 | 52 | 24 | 70 | 20 | 105 | ī4 | 
I5'1-C. 30 | 50 | 40 | 43 60 | 33 80 | 27 | I20 | 20 | 
15'2-С.` | 30 | 74 | 40 | бо | бо | 48 | 80 |30 |120 25 | 


From the figures given in the table it appears that in making a 
one-hour test you may sometimes select a machine which is too small 
and sometimes a machine which is too large. But this method 
elaborated by Mr. Oelschlager and also by Mr. Hill will do all that you 
require to select the right size of motor for intermittent loads. 

Mr. A. Н. ВАТЕ: The paper is an exceedingly interesting one to all 
using or manufacturing motors for intermittent work, and I think it is 
of great interest for other purposes besides cranes, although Mr. Hill 
has confined himself in the title of the paper to that subject. The over- 
load temperatures that are given in Table I. are very interesting, and 
it would be instructive to know how Mr. Hillobtained them. Were they 
calculated from some assumed data, or were they the results of experi- 
ments? Some experiments that have been made with the armatures 
stationary, by simply passing excessive currents through, up to ten and 
fifteen thousand amperes per square inch, give very much smaller rises 
of temperature than Mr. Hill has stated here. Then, in applying those 
overload figures to cranes, I cannot quite see that they are so applicable 
to cranes as they are to some other purposes, because in the ordinary 
way one specifies the horse-power of the motor as the power required 
to lift the load at the specified speed with the full load of the crane, and 
therefore unless something goes wrong with the gearing, such as the 
brake magnet failing partially and allowing the brake shoes to come 
down, or something like that, I do not see how the crane motor is 
liable to overloads. But in the case of motors driving machine tools, 
where one is always subject to very heavy overloads, then these figures 
are of extreme importance if we can really rely on them. 

Mr. JAMES AITKEN : On page g of the paper, just after the diagram, 
Mr. Hill says: “It has been generally noted among crane-makers that 
quarter-hour rated motors have a habit of burning out with a facility 
which has been somewhat surprising to them.” Speaking from the 
user’s point of view rather than the electrician’s, I would say that the 
maker of the crane seldom knows the exact work that the crane has to 
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do, and seldom realises the enormous overloads that are placed on Mr. Aitken. 
the crane in an ordinary day's work. It is no use telling the 
owner of the crane that it is not having fair play. He will turn 
round and say, “I want the crane to do my work ; if it won't do it, 
take it away.” With regard to the best voltages for crane and direct 
driving motors for engineers’ tools, I should like to hear Mr. Hill's 
views on this subject. I had rather a curious experience a few 
months ago. I was visiting an engineering works which is elec- 
trically driven ; the voltage was 220, but they have now reduced 
it to то. The reason I got for this was that with roo volts, if a fault 
developed, it lasted, say, a fortnight before anything serious happened, 
which gave time to have it attended to. With 220 volts the fault 
became serious in a week. “What about 500 volts?" I asked. “Oh, 
there are fireworks before you know what has happened!" There 
is certainly something in this. Again, from a mechanical point of 
view, with high voltages the wires are so fine and connections to the 
commutator so light that there is always present the liability of 
breakages. With low voltages a good mechanical job can bc made. 
I should also like to hear Mr. Hill's views on the length of life of crane 
and other similar motors. My experience puts this at about seven 
to eight years. As previously stated, I speak from the user's point 
of view, and the user certainly deserves some consideration. 

Mr. W. STOKES: То my mind Mr. Hill's paper is an exceedingly Mr. Stokes. 
useful one, particularly from my own point of view, which is that of a 
crane-maker. The rating of ordinary crane motor manufacturers is 
very indefinite. That a motor will rise to a certain temperature after 
half an hour's working at full load is no information at all, apart from 
experience in previous instances of the same make of motor. Messrs. 
Siemens Bros., however, have a much better system. Their system is 
the most scientific and the best adapted for the requirements of the cranc- 
maker that I have ever come across. The unit is twelve minutes ; the 
motor works for three minutes and stands nine minutes at one-quarter 
load factor, or six minutes on and six minutes off at a half load factor, 
and they tell you what a certain size of motor will do on this basis. 
They say that a certain size will develop 9 H.P. at third load factor, 
I04 H.P. at one-quarter load factor, and so on through the series. With 
these figures before you, the motor which is best suited to the crane to 
be considered can be chosen at once. But the number of starts and 
stops has also to be kept well in mind. Each crane has its own 
particular duty ; for instance, a crane lifting through 4o ft. should 
have a different motor from one lifting 5 ft. or 6 ft. In these days of 
keen competition, when one has to get orders on price, it is necessary 
to put in a motor which is as cheap as possible, and yet which will work 
satisfactorily ; and I venture to hope that now that Mr. Hill's paper has 
drawn attention to this method of calculating, motor-makers will give 
the information which is really useful and definite. I have in vain 
asked motor-manufacturers how long it will take for one of their motors 
to cool down again after it has risen to the specified temperature, but 
in all cases they either cannot or will not give this information. There 


Mr. Stokes. 


Mr. Davis. 
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is another matter which Mr. Hill has not touched upon which I think 
is very seldom borne in mind ; that is what may be called the “ driver 
factor.” It seems to be the idea nowadays that almost anybody who is 
a handy man can drive an electric crane. The result is the man after a 
time, finding that nothing serious happens beyond a blown fuse or two 
(which can be got over by using two or three wires instead of one !), 
gets into the habit of turning the controller handle round to full speed 
without a pause, and even reversing with the motor still running. That 
is not what Mr. Hill calculates upon, nor what the motor-manufacturer 
expects. The result is that although the motor may be very suitable 
for the work with reasonable handling, it may fail under this kind of 
treatment. A very large margin of safety should be allowed for the 
rushes of current at starting, and, although we have very scientific 
methods of calculation, I think that in the end it is more prudent to 
allow a very wide margin of safety. To my mind this is really the only 
safe way. I am afraid it is not the way to get orders on price, but it 
isthe right thing to do. I would give as an instance of this unexpected 
treatment of motors a case with which Mr. Hill is familiar. We con- 
structed an apparatus which had to run at several definite speeds 
and we had a great many consultations as to the number of steps in 
the controllers which were required, so that the motors should not be 
unfairly treated. These steps were duly provided, and the trial run 
went off very satisfactorily, and we—the makers—retired. Some few 
months afterwards I had occasion to go to this place in order to see 
what was going оп. Ishould have said that we had a sort of emergency 
arrangement, so that the current could. be cut off instantly without 
putting the controller round, as the controller worked rather slowly, 
being a very large one and operated by worm gear. I found that 
instead of turning the controller handle round slowly to get the various 
speeds by steps, the driver wound the controller round to the desired 
speed with the current off, and then, at the requisite moment, on went 
the current by means of the emergency switch, and the steps which we 
had taken so much trouble to provide were all thrown away. I mention 
this case to show that, although one may design a thing with the best 
intentions, the treatment it will get in practice is so very different, that 
multiplying by two is, in the end, a very necessary precaution. 

It has always struck me that there is an opening for a more scientific 
treatment of the cooling arrangements in motors. The colour, texture, 
and extent of surface have such an effect on the dispersion of the heat, 
that it would appear that if a motor-manufacturer wants to cut his 
motor down to the smallest size with the biggest H.P., he should turn 
his attention in this direction. 

Mr. Hill's formulae are very useful to the motor-maker, but without 
the constants found to apply to each design and type,it is still im- 
possible for the purchaser to transform half-hour rating into equivalent 
intermittent short-period working. 

Мг. F. W. Davis (communicated by Mr. F. E. Elmore): I think we 
are very much indebted to Mr. Hill for the very clear and careful way in 
which he has described to us the best method of employing crane motors 
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and controllers. As I have had some experience with the use of shunt 
motors and speed controllers described by Mr. Hill, I can say that I 
think the system marks a distinct step in advance in this class of work ; 
especially would this be the case in cranes which have to lower their 
loads for a considerable distance. On the New High Level Bridge at 
Newcastle I had a shunt motor and controller on a 5-ton derrick crane 
with a 70-foot jib, and the samc system on a 15-ton Goliath travelling 
crane. In our girder works at Darlington it has been used on a 30-ton 
overhead crane for nearly three years and has been very satisfactory. 
The work of the driver is much simplified, and he has complete control 
over the load without having to use a brake as a means of slowing it 
down, this being the usual practice with series motors. The 5-ton 
derrick has been used constantly for setting granite ashlar in position, 
and this fact shows that the control over the speed of lifting and lower- 
ingis perfect. The acceleration was also found to be much steadier than 
with the other cranes with which we had series motors. 

One important factor to be borne in mind, especially with large 
cranes which arc erected at a great height from the ground, is safety 
in working, and I think that this system, with an electric brake to 
act in case of the current or fuse failing, makes the working of 
the crane perfectly safe, as it is impossible for the crane to run 
away, or, what is more important still, for the jib to run away when 
being lowered. I am sorry that we did not adopt the same system 
on the large 1o-ton Blondin which we erected over the river, as in 
lowering loads with this we had a large amount of trouble with the 
brakes, which were constantly getting too hot. Loads of eight tons had 
to be constantly lowered for the distance of 120 feet, and with a shunt 
motor system we should have effected a very considerable saving by 
returning the current to the main circuit while loads were being 
lowered. 

Mr. C. W. HILL (in reply): I have not read the paper by Oelschlager 
to which Mr. Siemens has referred, and which appears to treat the sub- 
ject of intermittent working in a broad and general manner. My paper 
being on crane motors, I specially confined myself to dealing with 
machines having short working periods, and having, in fact, load factor 
curves as shown in Fig. 23. As Mr. Siemens says, the formulae which 
I have given will not make it possible to calculate the temperatures, 
times of running and load factors for crane motors unless the values 
of T and C have been determined experimentally from previous 
machines, but this is also the case with the formula given by Mr. 
Oelschlager. When these values have been experimentally determined 
from two or three machines of a given type, the temperature curves, 
etc., of other machines of the same type, but of different size, may 
be predetermined fairly accurately. 

In making the calculations, we may either take a given size of 
machine, and find the temperature which will be attained with a given 
load factor, or we may reverse the process, and, starting with a definite 
temperature and load factor, find the size of machine necessary. The 
latter process is the one which I prefer. 0-2 
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With regard to Mr. Bate’s remarks, the temperatures shown on 
Table I. are calculated temperatures, and they are calculated on the 
assumption that the overload would last for such .a short time that the 
whole of the heat generated would be confined to the armature 
winding. If the overload lasted for any length of time, the heat 
would spread and the rate of rise would be less. The case of motors 
driving machine tools is rather different to that of motors driving 
cranes. A motor to drive a machine tool is put down to run con- 
tinuously, and may have to drive the tool all day long with a fairly 
steady load on it; so that the motor which is driving a machine tool is 
practically running with a load factor of unity, and, as we may see from 
the curves in Fig. 23, it is, or should be, capable for short periods of 
carrying a considerably greater load than that which it takes when 
driving the tool in the ordinary way. But a crane motor is an over- 
loaded motor to begin with, and if you further overload it, its 
temperature naturally rises very rapidly. 

The question of voltages was referred to by Mr. Aitken, and I may 
say that, so far as outdoor contract work is concerned, it does not 
seem altogether advisable to go beyond 220 volts if one can help 
it, because we cannot prevent earths on the circuits, and shocks 
from more than 220 volts may lead to serious accidents. 

In reply to Mr. Stokes's remarks, he complains that motor-makers 
specify a continuous run of half an hour or an hour, and he says 
that does not give him any indication of what the motor can do when 
he is driving the crane. That is exactly the object of my paper, to be 
able to combine the two things, so that when Mr. Stokes tells us what 
he wants the motor to do, we can give him a motor to work on a 
definite load factor, and at the same time we can, for the convenience 
of the motor-makers, make a continuous run at full load for testing 
purposes, and be sure that the effect obtained on the continuous run 
wil be the same as that obtained when driving the crane in the 
usual way. 

Since the meeting, Mr. Siemens has been kind enough to show me a 
copy of Мг. Oelschlager’s very interesting paper. There is one point 
which neither Mr. Oelschlager nor any other investigator (so far as T 
can discover) has taken into account, and that is the effect of starting 
currents. They all assume that during each working period the 
machine works at its rated H.P. only, and no account is taken of 
the fact that each time the motor starts the current for a time ex- 
ceeds the normal. By reference to Figs. 11, 12, and 23, it will be seen 
that the load factor corresponding to a given time run decreases as 
the starting currents are increased. This is an important point to 
bear in mind when settling the size of motor for any particular job. 
I agree entirely with Mr. Siemens that it is impossible to obtain satis- 
factory results by adopting a uniform time rating for all sizes of crane 
motors. As the time constant increases with the size'of machine, the 
length of continuous run corresponding to a given load factor also in- 
creases with the size of machine. With further reference to Mr. Bate’s 
remarks, the methods which I have described for calculating crane 
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motors would not be applicable to motors driving machine tools. Mr. НІШ. 
The graphic method is, I think, in this case preferable. If templates 
are cut out for the cooling curve, and for the heating curves corre- 
sponding to different loads, these templates may be used in the same 
way as set squares, in conjunction with a T square, and complete 
temperature diagrams of, say, a day’s working can be laid out, and the 
amount and duration of overloads which may be allowed without 
exceeding the permissible limits of temperature can be ascertained. 

The CHAIRMAN : As there is no one to call me to order, I would like The 
to make one or two small remarks. I think this paper deals, at man. 
least by inference, entirely with direct-current motors. I wish the 
author had said something about the alternate-current motors that 
are now very often used on cranes. Many of us have to put in motors 
where there is nothing but alternate current, and it is just as well we 
should remember that we can drive cranes in that way. It is, of course, 
only a branch of the great subject of electrical traction. 

I will now ask you to accord to the author a very hearty vote of 
thanks for the exceedingly useful paper that he, as a specialist in his 
subject, has given us to-night. 

The resolution was carried with acclamation. 

The meeting adjourned at 9.20 p.m. 
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Proceedings of the Four Hundred and Thirty-seventh 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 8, 1906 — Mr. Joun Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Meeting held on February 22, 
I906, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 
John Owen Girdlestone. 


From the class of Associates to that of Members— 
Percy Gilbert Ledger. 


From the class of Associates to that of Associate Members— 
George Conrad Blair. 


From the class of Students to that of Associate Members— 
Herbert Dudley Ash Claude N. Macdermott. 
Charles Fitzroy Farlow Edgar L. Smith. 


Messrs. C. J. Jewell and A. К. Munro were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
mecting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Associale Members. 


Edward W. Arnold. - Alfred Heinrich Kelsall. 
Frank Shepherd Ashton. - David Morgan Kinghorn. 
Robert Bilsland, B.Sc. John Lithgoe. 

Joseph Henry Dobson. William Slater Naylor. 
Ernest William W. Durham. John Steel Nicholson, B.Sc. 
William Vincent Edwards. Alfred Rider. 


Gerard Graham. Edward Salthouse. 
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As Students. 


Frank Cedric Dannatt. 
Charles Bruce Gardner. 
Andrew Hamilton. 


John Harold Odam. 
Richard De Fontaine Stratton. 
Frank Stroude. 


Joseph Sargon Lazarus. Lynar Frederick Summers. 
John Finlay Lochhead. Colwyn Griffiths Thomas. 
Edward William Murrav. i Charles R. Wrigley. 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. E. Arnold, The Birmingham and 
Midland Institute Scientific Societv, The Departmental Committee on 
the Royal College of Science, Gauthier-Villars, The Italian Minister of 
Posts and Telegraphs, C. Kinzbrunner, Dr. St. Lindeck, T. Commerford 
Martin ; to the Building Fund from Messrs. P. F. Crinks, J. Eck, S. S. 
Grant, A. P. Pyne, L. C. B. Trimnell ; and to the Benevolent Fund from 
J. Gilligan, to whom the thanks of the meeting were duly accorded. 


The meeting adjourned at 9.30 p.m. 


The following paper was read and discussed : 
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A NEW SINGLE-PHASE COMMUTATOR MOTOR. 
By V. A. FYNN, Member. 


(Paper read March 8, 1906.) 


During the last few years quite a number of engineers have been 
engaged in an attempt to produce a single-phase motor which could 
compare with its continuous-current rival. As the railway problem has 
been principally in mind, these efforts have been restricted to types 
possessing a series characteristic, and consequently to motors unsuit- 
able for most of the stationary work. There exists, however, a great 
demand for a “constant speed" machine, with great starting torque 
and high power factor. The motor to be described in this paper can 
be built with either shunt or series characteristic ; the former class has 
now been fully developed. | 

It was in 1897 that the author first designed a motor with high start- 
ing torque, and high power factor at practically constant speed ; but 
although full working drawings were prepared, various circumstances 
prevented a practical test of the ideas embodied in its design. Five 
years later a machine was at last put in hand and executed to the 
original drawings, and the first patents were applied for; but although 
the results of the very first tests were most encouraging, lack of support 
and capital again delayed the development of the new motor. A whole 
series of these machines has, however, now been carefully worked 
out ; in principle these are identical with the original type; but many 
improvements have been added in the course of exhaustive tests carried 
out by the author. 

Several forms of single-phase commutator motors have been de- 
scribed during the last year or so in the technical press, and some of 
these have been subjected to practical tests; the designers of all of 
them, including the author, owe a heavy debt of gratitude to the early 
workers. It would lead too far to make even an attempt to do justice 
to all those who contributed to the development of monophase motors 
in early days, but no description of a modern single-phase commutator 
motor can be complete without a reference to the pioneer work of 
Mr. LI. B. Atkinson, who, in a masterly paper read in 1898 before the 
Institution of Civil Engineers,* described those forms from which 
all the modern single-phase commutator motors are directly derived, 
and who already then dwelt at length on their several advantages and 
peculiarities. 


* Minutes of Proc. of Institution of Civil Engineers, vol. 135. page 113. 
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When the asynchronous single-phase motor was accidentally dis- 
covered, somewhere about the year 1890, inventors were faced with the 
difficult problem of bringing such machines up to speed. A device 
proposed at the time by several investigators independently, consisted 
in starting the motor as a “repulsion machine,” and when a sufficient 
speed had been reached, converting the machine into an asynchronous 
motor by short-circuiting a part or the whole of the commutator, or by 
closing several points of the armature or rotor winding through 
resistances, by means of slip-rings or the like. 

The author at that time had the advantage of being employed by 
Mr. C. E. L. Brown, a very early worker in this field, and carried out 
quite a number of tests on such machines for him. The properties of 
such motors were then fully understood and appreciated; but the 
extreme simplicity of the motor with squirrel-cage rotor had taken 
such a hold of everybody's mind that the bare mention of а com- 
mutator in connection with an altcrnating-current motor discounted 
its commercial value. Then, again, in those days we knew much less 
about commutation than we do at present, and we had not at our 
disposal the good carbon brushes we now have, nor the necessary 
experience in building up commutators. The sparking difficulties, 
which under existing circumstances still require the most serious 
attention in order to be successfully overcome, presented insurmount- 
able difficulties in those early davs; and although many tests were made 
on series, “repulsion,” and combined “repulsion-induction” motors, very 
few of these machines ever left the test-room. Finally, all attempts in 
that direction were definitely abandoncd, and the whole attention, not 
only of Messrs. Brown, Boveri & Co., but of other leading firms, 
concentrated on the development of the polyphase motor. 

A consideration of the fundamental form of the single-phase induc- 
tion motor, as defined by Atkinson, will help bestto the full understand- 
ing of the new motor designed by the author, more particularly in its 
constant speed form. The Atkinson motor is shown diagrammatically 
in Fig. r. The primary member is magnetised along an axis F by 
means of the winding S. The secondary meniber, which consists of an 
armature provided with a continuous-current winding connected to 
a commutator, is short-circuited by means of the brushes CC and 
D D along two perpendicular axes, one of which coincides with the 
field axis of the primary member or stator. This diagram and all 
the following ones represent 2-pole machines, while throughout the 
armature winding is supposed to be of the Grammce-ring type, with 
the brushes bearing directly on the armature winding; and hence 
the axis of a field which could be set up in the rotor by a current 
passing a set of brushes will coincide with thc axis of that particular 
brush set. 

Such a commutator motor has all the characteristics of the asyn- 
chronous single-phase squirrel-cage motor ; in fact, the latter is only a 
special case of the former. It is easy to see that two axes is the 
smallest number along which such a rotor can be short-circuited in 
order to workatall ; any further increase in the number of short-circuits 

VoL. 86. 22, 
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does not alter the nature of the motor. "Thus, instead of what might be 
termed the 2-phase short-circuiting arrangement shown in Fig. r, 
a three or four or more phase short-circuiting arrangement could be 
used with the same result. If the number of short-circuits is chosen 
so high that the whole of the commutator is covered by brushes, in 
other words, so that the whole of the commutator is short-circuited, 
then the latter can obviously be done away with and its place can be 
taken by a continuous ring. We thus arrive at the simple form of the 
rotor known as the squirrel-cage. 

The motor in Fig. 1 will not start ; if brought up to speed artificially 
it will do useful work running somewhat below synchronism, but 
its power factor is bad, it is very liable to spark at the commutator, 
and its output for a given weight is small. It is probably on 
account of these inherent defects that this motor never came on the 
market. 

Early recognising the possibilities of this type of motor, the author 
subsequently set himself the problem of evolving from it a new motor, 
in which the above defects would be, as far as possible, eliminated ; and 
although the several improvements effected have been spread over a 
number of years, it is claimed that this problem may now be con- 
sidered as having been satisfactorily solved, and a really commercial 
commutator motor evolved from the fundamental type. The presence 
of the commutator at once suggests the possibility of starting such a 
machine as a shunt, a series, or a “repulsion motor,” and of phase com- 
pensation, but the shunt arrangement for starting must be at once 
discarded, since it is only at very low speeds that the motor will 
develop a good torque under those conditions, while plain-series 
connection also gives comparatively poor results. On the other hand, 
the machine starts very well as a “ repulsion motor." 

It is feared that the term “ repulsion motor," which has already been 
used repeatedly in this paper, may lead to some misunderstanding. As 
far as could be ascertained this term is now generally applied to a 
machine mainly consisting of two members which are disposed in such 
a way that the one can rotate with respect to the other, and where the 
secondary member is short-circuited along a fixed axis not coinciding 
with the axis of the field produced by the primary member. It is 
further generally stated that the speed and torque of such a motor is, 
for equal conditions, entirely dependent on the angle enclosed between 
the axis along which the secondary member is short-circuited, and the 
field axis of the primary member. 

In Fig. 8 is shown one form of such a “repulsion motor.” The 
secondary member is here the rotor, which is short-circuited along a 
fixed axis by means of the brushes CC. The primary member is here 
the stator, and carries the winding S which produces the field with the 
axis F. The axis along which the secondary member is short-circuited 
is displaced by a degrees with respect to F. It is, we believe, fairly 
well understood how the magnitude of a affects the general perform- 
ance of the motor, but we are afraid that the operation of the motor 
js often attributed to some peculiar repulsive effect between the short. 
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circuited rotor and the stator field such as was discovered by Elihu 
Thomson in 1887, and made use of by him in the construction of 
his motor. 

Now the term *repulsion motor," although thoroughly justified 
when applied to Elihu Thomson's original motor (American Patent 
No. 363,165), is an entirely unsuitable designation for that type of motor 
to which it is applied nowadays. This confusion probably arose out of 
a misapprehension as to the true principles underlying the operation of 
machines such as are diagrammatically represented in Figs. 5 and 8. 
These machines do not depend for their operation on Thomson’s repul- 
sion effect between a short-circuited coil on the rotor and the primary 
field. In fact, the Thomson effect in these machines is, particularly at 
starting, directly responsible for a negative torque which can reach 
extremely high values in a bad design, and which is due to the current 
in those coils which are short-circuited under the brushes. 

We think it is much more correct to consider such motors as being 
“series induction machines ;" itis a more ponderous denomination than 
the well-established term “repulsion motor," but it is at least correct 
and will avoid confusion, more particularly as true repulsion motors as 
originated by Elihu Thomson are, we believe, still made use of. "That 
the motors shown in Figs. 5 and 8 are true series induction machines 
can be easily established, and the author will take this opportunity of 
briefly stating what he believes to be the true theory of these machines. 

First turning our attention to the arrangement shown in Fig. 5, we 
have a stator winding divided into two groups, S, and 5, connected іп 


series and displaced by 180 degrees with regard to each other (л stands 


throughout for the number of poles of the machine). The axis of the 
group S, coincides with the axis along which the rotor is short-circuited. 
In this axis С С we have all the conditions of a transformer, the rotor 
representing the secondary and the stator group S, representing the 
primary. It follows that under all conditions the rotor current will be 
(omitting sign) very nearly in phase with the current in both stator 
groups, since they are in series. The field in the axis of S,, and to 
which we will refer as the transformer field, is due to the magnetising 
component of the transformer no-load current ; the latter is represented 
in phase and magnitude by the resultant of the primary and secondary 
currents. The field in the axis of S, is due to the total current flowing 
through the stator, and is in phase with it, consequently very nearly in 
phase with the rotor current. This second field induces no current in 
the rotor, but, with the rotor current induced along the transformer 
axis, which is perpendicular to the axis of this second field, it produces 
the motor torque, and hence we will refer to this second field as the 
motor field. We therefore have here precisely the same conditions as 
exist in the series conduction motor, except that in the present case the 
current is not conveyed into the rotor by conduction, but by induction. 
The direction of rotation is in both types of motor determined by the 
same rules, and the torque is due to the same causes. 

Turning now to Fig. 8, it is easy to see that the conditions there are 
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FIG.8. 
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the same. The field with the axis F produced by the winding S really 
resolves itself into two components, one of which, fa coincides with the 
axis along which the rotor is short-circuited, and represents the trans- 


former field; whereas the other, ГА is displaced by 180 degrees with 


regard to the former, and represents the motor field. It can be said that in 
Fig. 8 the stator winding directly produces the resultant F of the trans- 
former field f, and the motor field f» whereas in Fig. 5 the stator 
windings each produce one of the components (transformer field in the 
axis C C, and motor field in the axis D D) of the resultant field F. In 
Fig. 8 the phase, magnitude, and direction of the resultant F are fixed 
by the stator winding; the phase, magnitude, and direction of the 
transformer and motor field are, roughly speaking, determined by the 
position occupied by the axis along which the rotor is short-circuited 
. With respect to F. In Fig. 5 the phase, magnitude, and direction of 
the two component fields are determined by S, and S, respectively, and 
they determine the phase, magnitude, and direction of the resultant F. 
Considering more closely the conditions prevailing in Fig. 5, we see 
that the phase relation between the transformer and the motor field is a 
variable one. When at rest, the conditions in the axis C C are those of 
a short-circuited transformer, and in consequence the resultant current 
in the primary S, will lag very considerably behind the E.M.F. 
impressed on the stator, and will therefore tend to approach the phase 
of the transformer field, which lags by practically go degrees behind 
that E.M.F. The current in S, when taken through S, sets up the 
motor field in the axis D D, the phase of which practically coincides 
with the phase of the current producing it. Now the phase of that 
current will vary with respect to the phase of the transformer field, very 
much as the power factor of the motor varies, with the result that the 
phase of the motor field will also vary with respect to the phase of the 
transformer field. 

When the motor begins to move, an E.M.F. due to rotation of the 
rotor conductors in the motor field is set up in the rotor along the 
transformer axis ; in phase, this E. M.F. coincides with the phase of the 
motor field, and tends to oppose the E.M.F. impressed on the rotor (by 
induction) in the transformer axis. This last E. M.F., which we will call 
E T, is, omitting sign, in phase with the E.M.F. impressed on the stator, 
and corresponds to the working E.M.F. impressed by conduction 
on the armature of an ordinary continuous-current motor ; the E.M.F. 
due to rotation and tending to oppose E T corresponds to the back 
E.M.F. ina continuous-current motor, and we will refer toitas E B. As 
the motor gathers speed, the conditions in the C C axis, to which we can 
also refer as the armature axis, approach more nearly those prevailing 
in a transformer working on a circuit possessed of a small amount of 
self-induction, and the phase of the current in S, will approach more 
closely to the phase of the E. M.F.impressed on the stator. The current 
in the armature axis is determined by E W, an E.M.F. which goes to 
cover the C?R loss in the rotor, and which is the resultant of E T, E B, 
and Е 5, the latter being the E.M.F. of self-induction, and principally 
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due to the leakage between secondary and primary in the transformer 
axis. It will be observed that we have here conditions quite similar to 
those obtaining in single-phase induction motors, or single-phase shunt 
induction motors,as the author prefers to designate them. The theory 
of these motors has been fully set forth by him in an article pub- 
lished recently. | 

The speed of the series induction motor for a given torque will 
fall until the resultant of ET, EB, and ES can produce in the 
armature axis a current of sufficient magnitude to yield the torque 
required in conjunction with the motor field then available. That 
current for a given field strength will be the greater, the greater the 
phase difference between itsclf and the motor field. The phase of 
the armature or rotor current will depend on the phase and magnitude 
of E B and on the magnitude of ES, which is proportional to the 
rotor current. The phase of E B depends indirectly on the phase of 
the stator current ; its magnitude depends on the motor field strength 
and the speed of rotation. The strength of the motor field depends, as 
has already been pointed out, on the stator current, and this last con- 
dition imparts to the motor its series characteristic. Taking an ideal 
motor of this {уре where the transformer feld is quite in quadrature 
with the motor field, where ES is zero and where there are no losses, 
then, for a given torque, the speed will fall until the difference 
E T-E B is reduced to just that value which will suffice to drive through 
the rotor a current of such magnitude as will produce with the motor 
field then available the required torque. The field available depends, 
as is well understood, on the number of turns in the field winding and 
the magnitude of the current flowing through them as long as the 
densities are not too high. 

It is seen that these conditions are identical with those of an ideal 
continuous-current motor, and only very little different from those of 
a commercial motor of this class. Ап ordinary commercial single- 
phase series induction motor will, however, run very much slower 
than a corresponding continuous-current motor operated under exactly 
similar conditions, and that on account of the phase difference existing 
between the armature current and the motor field, which makes a 
larger armature current necessary to produce the torque required 
with a given field, and consequently calls for a smaller E B and a 
correspondingly lower speed. 

The angle a is to a certain extent a guide to the performance of 
the machine; thus the greater a in Fig. 8, the smaller f, (the trans- 
former field), and the smaller E T, but at the same time the greater 
fa (the motor field), consequently the lower the speed at which ЕВ 
will nearly equal E T. Since with increasing a the E.M.F. impressed 
on the armature axis decreases, whilst the number of turns and the 
resistance of the rotor remain constant, the output of the machine 
must also decrease. When а equals go degrees the motor field 
becomes a maximum, but there is no E.M.F. impressed on the arma- 
ture, and the motor cannot exert any torque. If, on the other hand, 
à is continually decreased, the power of the motor, after rcaching a 
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maximum, finally again becomes nil when a is zero, because then there 
is only a transformer field and no motor field. If a is now increased 
in the opposite direction the motor will also start in the opposite 
direction, because, whilst the direction of the transformer field, and 
with it the direction of the armature current, has remained unchanged, 
that of the motor field in respect to it has been reversed. In the case 
of Fig. 5, and as a rough approximation, one could say that the 
ampere turns in S, divided by the magnetising ampere turns in 5,, 
were equal to a, or, as a very rough approximation, one could take the 
proportion of the ampere turns in S, to the ampere turns іп 5,. 

We can now proceed with the description of the motor under 
consideration. It has been said that it starts best as a series induc- 
tion machine, and consequently it is started as such. Now that we 
have stated what we consider to be the true theory of these series 
induction machines it will be possible, without fear of confusion, to 
materially shorten that part of the description relating to the starting 
performance of the motor in question. 

The machine shown in Fig. 1 can be started as a series induction 
motor by opening one of the rotor short-circuits, say D D, and dis- 
placing the whole brush system in such a way that the brushes C C 
will short-circuit the rotor along an axis forming an angle a with the 
axis of the stator field as in Fig. 2. After a sufficient speed has been 
attained the brushes D D may be short-circuited, and under these 
conditions the motor will operate as a shunt induction motor, but 
that component of the field produced by the stator which falls in the 
direction D D of the motor field will have a disturbing effect on the 
operation of the motor, because the phase of that component will not 
be the same as the phase of the motor field produced by the current 
flowing in the D D circuit. 

A shunt induction motor, having its rotor short-circuited along two 
perpendicular axes, operates best when the axis of one of the short- 
circuits coincides with the stator field axis. If, for instance, a motor 
of this kind is running in a clockwise direction, and the brush system 
is displaced in the direction of rotation as shown in Fig. 3, then the 
current in the D circuit will fall off while that in the C circuit will rise, 
the line pressure and the load on the motor remaining constant; on 
the other hand, if the brush system is displaced in a direction opposed 
to that of rotation, as in Fig. 4, then the current in the D circuit will 
rise while that in the C circuit will fall. 

In the first case the component of the stator field coinciding with 
the motor field axis tends to strengthen the motor field, which accounts 
for the decrease in the current in the D D circuit, but at the same time 
it increases the phase difference between the motor field and the arma- 
ture current in the axis C C, hence the increase of current in that axis for 
the same torque. In the second case this component is of the opposite 
direction, and tends to weaken the motor field, hence the increased 
current in the D D circuit ; at the same time it brings the phase of the 
motor field into closer coincidence with the phase of the armature 
current, hence the decrease of the C C current. Either condition is 
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detrimental to the working of the motor, and of the two the former 
gives the worst results. 

The direction in which such a motor will start depends on the 
direction in which the short-circuited brushes C C are displaced from 
their original position of coincidence with the stator field axis; and, 
with a constant voltage at the terminals, the torque obtained and the 
current taken depend on the amount of that displacement ; but it is 
obvious that the brush system could not be displaced at all in any 
commercial machine. 

The disposition shown in Fig. 5 allows of the direction of rotation 
being reversed by reversing the current either through S, or 5,, but 
there is no provision for regulating the starting current or the torque, 
and when the motor has been brought up to speed it shows the same 
disadvantages as have already been pointed out in connection with 
Fig. 3. The author, by suitably modifying the disposition shown in 
Fig. 5, gets over all these difficulties simply and effectively. The 
improved arrangement is shown in Fig. 6; it makes it possible to 
reduce the current taken by the motor, when switched on to the mains, 
to any desired amount, and it allows of this motor being gradually 
started and brought up to its normal speed without the use of the usual 
resistances, transformers, or the like; all that is necessary is a switch 
such as shown at Н connected to the various tappings provided in the 
group S, With the help of this same switch, the group S, can be 
finally switched out altogether, thus enabling the motor, after it has 
been converted into a shunt induction machine, to work under the 
most advantageous conditions, current being supplied to the group 
S, only. 

With this end in view the number of turns in the group S, is so 
chosen as to secure the required flux densities under normal terminal 
pressure, and the cross section of the conductors in this group is 
determined by full-load conditions. The total number of turns in the 
group S, is determined by the permissible current on the first notch 
of the starting switch, and the smaller this current is to be, the greater 
must be the number of turns in S. 

A comparatively small number of turns in the S, group will be 
sufficient in most cases, since an increase in the number of these turns 
not only reduces E T, the E.M.F. impressed on the armature, and 
consequently the short-circuit current, but also increases the total 
number of turns in series across the mains, and consequently the total 
impedance of the motor ; this rises the quicker because the turns of 
that group are increased which possesses the greater self-induction. 
With the same number of thrns in both groups, a motor of this type 
will start light with somewhat less than its no-load current. 

The group S, provides the transformer field, whereas the motor field 
is excited by the group S, the motor starts as a series induction motor 
and the greatest torque is secured with the (D or) field brushes on open 
circuit; were they short-circuited from the very first, this short. 
circuit in the motor ficld axis would necessarily alter the phase of the 
motor field and bring it into nearer coincidence with the transformer 
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field, thus increasing the phase discrepancy between the armature 
current (axis CC) and the motor field, and greatly reducing the torque, 
As the speed increases, this D circuit can be closed over resistances and 
these can be gradually cut out, the motor acquiring by degrees the 
characteristics of what is known as the asynchronous induction motor. 
If care is taken to close the D circuit at about synchronous speed, the 
resistances can be dispensed with, and they are not provided with the 
small motors. Although the motor is now running at practically, 
normal speed, it will only be able to give little power if part of the 
group S, is still in circuit, owing to the weakening effect of this S, 
winding under these circumstances, and also because the densities in 
motor will be below the normal. 

In order to gradually bring about the more advantageous con- 
ditions of Fig. т, and to raise the densities to their normal value, the 
lever H is gradually moved further and further until the whole of the 
S, winding is cut out. A certain amount of speed regulation, how- 
ever, can be secured by including more or less of the S, winding in 
the motor circuit and still leaving the D brushes short-circuited. 

The conductors of the S, group, when the latter is used only for 
starting, сап have a comparatively small cross section. But when this 
winding is also to be used for speed regulation, the conductors will 
require to be larger. 

The stator winding can also be arranged in three divisions on the 
lines of the ordinary 3-phase winding, if this is a manufacturing con- 
venience, as shown in Fig.8. The three divisions B;, B,, and S, are 


displaced by : 130 degrees. The divisions В,, В, (forming together 


the group S,) each set up a field, the respective axes of which are b, and 
b, while the division S, produces a field along the axis s, The two 
former combine according to the parallelogram of forces to form the 
resultant field s,, which is necessarily perpendicular to s, ; the actual 
fields are shown by dotted lines in Fig. 7. If we now place the 
brushes CC coaxially with s, we arrive at a disposition that is 
equivalent to that in Fig. 6, and it is only necessary to provide the 
third division S; with the required tappings r, 2, 3, and 4 in order to 
be able to regulate the starting torque or the speed of the motor. 

A new, simple, and effective method of starting and regulating such 
motors has now been described, which can of course be equally well 
applied to the starting and regulating of any ordinary series induction 
motor ; but the motor as it now stands still has a bad power factor 
and a small output for a given weight, and is still liable to spark. 

Before describing the means adopted*to improve the power factor 
and the weight efficiency of the motor, it will be best to set forth 
shortly the working theory of such machines when KARER at their 
normal speed. 

Considering a motor of the class indicated in Fig. 1, we find that 
the stator or transformer field, as w2 will call it, will induce in the 
rotor an E.M.F. along the axis CC. This E.M.F., to which we will 
refer as the working E.M.F. and designate by ET, being due to static 
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induction (transformer action), will lag by 9o degrees behind the 
inducing field, and will consequently be nearly in phase with the 
E.M.F. impressed on the stator. Its periodicity and magnitude are 
independent of the speed at which the rotor revolves, and only vary 
with the magnitude and periodicity of the transformer field. When 
the rotor is at rest, this E.M.F. sets up a heavy short-circuit current in 
the rotor along the axis CC. With increasing speed a counter E.M.F. 
is set up which prevents a short-circuit, so that under these conditions, 
and in the direction of the C C axis, the motor may be looked upon as 
a transformer with a considerable amount of leakage, whose secondary 
works on a circuit having only a small amount of self-induction. The 
rotor current in the axis CC, to which we will refer as the armature 
current, lags behind the secondary E.M.F., and the stator or primary 
current will lag behind the impressed E.M.F.; the phase difference, 
however, will not be greater than that existing in a badly designed 
transformer, and owing to the same reasons in both cases it will 
decrease with increasing load. | 

The rotor winding is, however, the seat of a further E.M.F. induced 
therein by the rotation of the rotor conductors in the primary field of 
the motor. This E.M.F., which we will designate by ER, is set up 
along the axis D D, and its magnitude depends on the magnitude of the 
transformer field and the speed of rotation ; its periodicity is equal to 
that of the transformer field. Since the rotor is short-circuited along 
DD, ER will set up a current in the rotor windings. Owing to the 
great self-induction of the motor along the D D axis, this current will 
lag by nearly go degrees behind its E.M.F. As this E.M.F. must be in 
phase with the transformer field, the magnetising component of the cur- 
rent along D D, and the field it produces in that direction, will be nearly 
in quadrature with the transformer field. We have already seen that the 
armature current is nearly in quadrature with the transformer field ; it 
must accordingly be nearly in phase with the secondary field produced 
by rotation, and which, in space, is at right angles to CC. It is to this 
last field, which we will call the motor field, and to the armature 
current that the torque of the motor is due. 

As the position of the axes along which the armature current and 
the motor field act is the most advantageous it is possible to secure, 
there is no room for improvement in this direction, but the torque can 
be increased by bringing the armature current and the motor field 
more nearly into phase. Also the phase difference between the stator 
E.M.F.and current can be varied to any extent and in any direction 
by varying the phase relation between the armature current and the 
E.M.F. due to static induction along CC, or, in other words, between 
the armature current and the transformer field. If the armature 
current lags behind E T, then the stator current will lag behind the 
E.M.F. impressed on the stator; if, however, the armature current 
leads E T, then the stator current will lead the E.M.F. impressed on 
the stator, the conditions being equivalent to a capacity load on a 
transformer. 

Before we proceed to indicate how, for the motor shown in Fig. 1, 
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the phase of the armature current can be adjusted with regard to the 
phase of the transformer field, it will be well to examine more exactly 
the conditions prevailing in the axis CC of the rotor. There is, first of 
all, E T, induced by a transformer field ; then a back E.M.F., to which 
we will refer as E B, and which is set up in the axis CC by rotation of 
the rotor conductors in the motor field ; it is of the same period as the 
latter, consequently also of the same period as the transformer field 
and ET ; it depends for its magnitude on the magnitude of the motor 
field and the speed of rotation, and at a speed slightly above the 
synchronous it equals E T in magnitude ; it is further in phase with the 
motor field, апа consequently not quite in phase with E T. A third 
E.M.F. acting in this circuit is ES, the E.M.F. of self-induction, 
principally due to the very appreciable amount of leakage between 
secondary and primary in the transformer axis ; this E.M.F. is propor- 
tional to the rotor current, and lags go degrees behind the same. The 
resultant of these three E.M.F.s in phase magnitude and direction 
is a small E.M.F., which gocs to cover the ohmic losses in the rotor, 
and which we will call E W ; it is co-phasal with the armature current. 

The phase of E T is practically fixed by the phase of the E.M.F. 
impressed on the stator. The phase of ES is fixed by the phase of the 
armature current ; its magnitude is determined by the quality of the 
design. The counter E.M.F. is dependent on the phase of the motor 
field, and it is by influencing the phase of the motor field that the 
aüthor influences the phase of E B, and with its help adjusts the phase 
of the resultant E W and the phase of the armature current. 

It is well to remember that even when the armature current has 
been brought into phase coincidence with E T the stator current will 
still lag to some extent behind its E.M.F. on account of the phase 
difference introduced into the primary circuit by the self-induction of 
the same. By forcing the armature current tolead E T even that phase 
difference may be eliminated, but one runs the risk of again bringing 
the armature current and the motor field appreciably out of phase, and 
thus increasing the armature current beyond that amount which would 
suffice in the case of complete phase coincidence. Thus, although the 
power factor can always be brought up to unity, and although the 
stator current can even be made to lead its E.M.F., it is not in all cases 
possible to achieve these results without impairing the efficiency of the 
machine. Itis nevertheless always possible to obtain extremely high 
power factors without lowering the efficiency. 

The method by which the author varies the phase of the motor 
field in these motors consists in introducing into the circuit D D an 
auxiliary E.M.F. differing in phase from ER. "The resultant of the two 
is then responsible for the motor field, and the author has found that 
an auxiliary E.M.F. differing by about 9o degrees from ER, or 
materially in phase with the motor field, gives the best results. Under 
these conditions the greatest phase displacement of the resultant 
E.M.F. can be obtained with the smallest auxiliary E.M.F., and without 
materially influencing the motor field strength. 

It would seem at first sight that it would be simpler to introduce 
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into the CC circuit an auxiliary E.M.F. which would influence the 
phase of the secondary current directly. The author has made quite 
a number of tests in this direction, and has found no difficulty in 
obtaining coincidence of phase between stator current and E.M.F. for 
light loads and for constant values of secondary current. Now this 
secondary current cannot be constant, but varies with the load ; conse- 
quently such a method has no great practical value. If it be adopted 
the E.M.F. should be derived from a non-inductive resistance, or a 
capacity on which an E.M.F. of suitable phase is impressed. By this 
means one can avoid the inclusion of additional self-induction in the 
rotor circuit in the C C axis, when very much better results will be 
secured. 

It is absolutely necessary for the working of this motor that there 
should be as much self-induction as possible along the motor field axis ; 
but it is equally important that there should be as little self-induction 
as possible in the motor, along the transformer axis. The phase of the 
auxiliary E.M.F. inserted in the C circuit should coincide with the 
phase of the field along that axis. Of course this auxiliary E. M.F. can 
be obtained from any convenient source, provided the periodicity is 
the same as that of the E.M.F. impressed on the stator and its phase a 
suitable onc. The proper phase of the auxiliary E.M.F. to be applied 
to the D or C circuit bears a simple relation to the phase of the E.M.F. 
(E) impressed on the stator. In the general case indicated in Fig. 9, 
let the brush system be so placed that one of the brush sets, C C for 
instance, forms an angle a with the stator field axis Е; then the phasc 
of the auxiliary E.M.F. (E,) to be included in the D circuit, must difter 
by a degrees from the phase of E, and the phase of E, must differ from 
it by go + a degrees. For а==о the phase of E, becomes equal to the 
phase of E, and the phase of E, is in quadrature with it. 

It was always recognised that in order to make a commercial 
success of such a compensated motor it would be necessary to avoid 
accessory apparatus as far as possible, and for that reason the author 
arranges to procure the auxiliary E.M.F. from the motor itself. We 
have seen that the motor field is practically in quadrature with the 
transformer field. The motor field will therefore induce statically an 
E.M.F. in phase with the transformer field, and vice versa. If the 
auxiliary E.M.F. is then to be obtained from the motor itself, it can be 


got from a winding whose axis forms an angle of 10 degrees with the 


axis of the brushes to which it is to be connected ; it will then be acted 
upon by a field of the required phase. ۱ 

Fig. 10 indicates the position of these windings for the gencral case 
illustrated in Fig. g, and, as will be scen from the performance curves 
of actual motors, annexed to this paper, this method of obtaining the 
compensating E.M.F. gives excellent results in practice. 

It remains for us finally to consider the question of sparking, and 
although for the purpose of this paper it was found convenient to deal 
with this last, it is in reality a question of first importance, and the 
difficulties met with in this respect gave some trouble and led to delay. 
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It has been shown that the motor in Fig. 1 is electrically the 
equivalent of a motor with a squirrel саре; it must, therefore, also 
behave like a motor having a rotor provided with a polyphase winding 
short-circuited by means of slip-rings or otherwise; nothing in the 
nature of the motor would, therefore, be changed if, in addition to the 
two sets of brushes on the commutator, say, three equidistant points 
of the rotor were short-circuited when up to speed. 

This scheme was resorted to with the object of relieving the 
commutator of the greater part of the current it was carrying, and 
thus diminishing sparking. The sparking was, indeed, entirely sup- 
pressed. The same arrangement was used at starting, when resist- 
ances between the three equidistant points were inserted by means 
of slip-rings, and gradually cut out as the speed was increased. It 
was, however, found that the ordinary rotor windings in use did not 
answer the purpose at all well, particularly when phase compensation 
was attempted. It is easy to see that with a number of points of the 
rotor winding directly short-circuited, for instance over slip-rings, any 
E.M.F. impressed on the rotor by means of the one or the other brush 
set would send a heavy and useless current through these slip-rings ; 
phase compensation is practically impossible under such circumstances. 
Then, again, it is advantageous to have a very low voltage on the com- 
mutator, whilst a high voltage on the slip-rings is important. 

An obvious way out of the difficulty is to use two distinct windings 
on the rotor, the one connected to the commutator, and the other to 
the slip-rings. This arrangement lowers the output of the motor very 
appreciably, because it makes it impossible for that part of the winding 
which is connected with the commutator to be made use of in normal 
running (when the machine operates as a shunt induction motor), as 
almost the whole of the current induced in the rotor will flow through 
the slip-rings. 

To get over the difficulty completely, the author makes use of a con- 
tinuous-current and polyphase winding in his rotors, combined in such 
a way that, as far as the commutator is concerned, only the continuous- 
current winding is operative; whilst both continuous and polyphase 
windings are operative as far as the slip-rings are concerned. "The best 
possible use is thus made of the rotor winding space and copper. The 
commutator voltage depends on the continuous-current winding only. 
The polyphase winding is so disposed with regard to the continuous- 
current winding as to obtain at the slip-rings the highest possible 
voltage resulting from the combination of the two windings. 

For the case of a 3-phase winding (and this will mostly be used), 
the relative positions and the mode of connection of the two windings 
is shown in Fig. 11. Since any continuous-current winding can be 
considered as a mesh-connected 3-phase winding, this arrangement 
can be looked upon as the combination of a 3-phase mesh and star 
winding. The three legs of the mesh are designated by a,, а, a,, whereas 
b, ba, b, stand for the three star legs, and R, Ra, К, for the three 
slip-rings. The dotted lines show how the two must be interconnected, 
the arrows indicate thc momentary direction of the induced E.M.F.s, 
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assuming a clockwise direction of rotation and a direction of the 
magnetic field from top to bottom of the sheet of paper. Ifa is the 
voltage per phase of the mesh, and 5 that of the star winding, then 
the maximum obtainable voltage between any two slip-rings will be 


=a+bV/3. This winding makes it impossible for the brush sets 


FIG.13. 


disposed on the commutator to be at any time short-circuited, or even 
nearly so, over the slip-rings ; a great number of turns will always be 
interposed. Tests have shown that a motor provided with such a rotor 
can be fully compensated without raising by more than two or three 
per cent. the current taking its way over the slip-rings. 

The complete motor is shown diagrammatically in Figs. 12 and 13 in 
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its two early forms, as arranged for “constant speed work." For the 
sake of clearness, the slip-rings have been omitted from the figures ; 
they are connected to the points R,, R,, R, of the rotor winding. 

The arrangement shown in Fig. 12 allows of the conversion of 
the motor from a series induction to a shunt induction machine by the 
gradual closing of the D circuit in combination with a gradual reduc- 
tion of the number of turns in the group S,, and, when desired, also 
in combination with a gradual decrease of the resistances inserted 
between the slip-rings. A reduction of the resistances inserted in the 
D circuit and a reduction of the resistances between the slip-rings 
increases the shunt excitation ; a reduction of the number of turns in 
the group S, after the motor has started reduces the series excitation. 
At first both methods were used simultaneously on account of sparking 
difhculties, and one was naturally led to simplify this disposition by 
leaving out the D circuit altogether. The motor shown in Fig. 13 was 
thus evolved, and quite a number of such machines were executed. 

The author thinks that although this last form of motor is simpler 
than that shown in Fig. 12, electrically it is somewhat inferior. It 
may perhaps not, be at once clear how and why the motors shown in 
Figs. 12 and 13 can be compensated with the help of the same 
auxiliary E.M.F.s as were used for that purpose in conjunction with 
the motor as shown in Fig. 1. Considering Fig. 12, and remembering 
that the smaller the rotor resistance the faster will a shunt induction 
motor run, it must be evident that the speed in this particular case 
will be determined by the slip-ring circuit, if short-circuited, for the 
latter will undoubtedly have a smaller relative resistance than the 
circuit of the continuous-current winding closed over the armature and 
field brushes (C C and D D). There will be two alternative paths for the 
armature current, thc one over the slip-rings, the other over the brushes 
CC; the former will carry all the current, not only directly on account 
of its smaller relative resistance, but also because this smaller resistance 
determines a higher motor speed, thus increasing ЕВ in the latter 
circuit, whilst E T remains constant. There will also be two alter- 
native paths for the field current, the one over the slip-rings, the other 
over the brushes DD. The greater part of the motor field will be 
supplied by the current through the former, and the smaller part by 
the current through the latter ; the auxiliary E.M.F. (E,) will only act 
on the latter circuit, but in exactly the same manner as before when 
the rotor was only short-circuited by means of brushes disposed on 
the commutator. 

When including the auxiliary E.M.F. (E;) in the armature-circuit 
of the continuous-current winding by means of the brushes C C, whilst 
the slip-rings are short-circuited, as shown in Fig. 15, a current is 
caused to flow in that circuit mainly through the agency of E,. As 
before, E W will determine the phase and magnitude of this current ; 
this E.M.F. is again the resultant of E T, E B (which is greater than 
it would be if the slip-rings were not short-circuited, and nearly equals 
E T) and ES. Under these circumstances the current flowing in this 
circuit will be practically constant for all loads (until the speed begins 
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to drop materially) independently of the current flowing over the 
slip-rings, and will cause a decrease of the latter. In phase, the current 
flowing by way of the commutator will lead E T, whereas the current 
flowing by way of the slip-rings will lag behind ET. The resultant 
rotor ampere turns in the armature axis can therefore be made to 
coincide with or to lead E T. The resultant stator ampere turns must 
balance the resultant rotor ampere.turns, and the stator current can 
therefore be made to coincide with or even lead the E.M.F. impressed 
on the stator. It is seen that in this case external self-induction is only 
included in part of the rotor winding in the armature axis and: in that 
part through which the current remains practically constant, so that its 
detrimental effects are greatly minimised. The beneficial effect of 
this arrangement as far as the power factor is concerned is greatest at 
no-load, and diminishes as that component of the rotor ampere turns 
in the armature axis which is due to the current flowing by way of the 
slip-rings increases; the result is a very constant and шып power 
factor. 

The conversion from series induction to shunt induction working 
cannot be effected as smoothly with the help of the slip-rings only 
(Fig. 13) as it can with the help of the D circuit (Fig. 12); and in the 
former case it is quite impossible in practice to avoid a very marked 
falling off in the starting torque curve, which makes this form of 
motor unsuitable when heavy and sustained starting torques are 
required. For light work, however, it is very useful, and its power 
factor under normal working conditions approaches unity. On the 
other hand, the starting torque curve of the motor in Fig. 12 (with 
or without the help of slip-rings) is an almost straight line, and the 
motor in this form can be used in all those cases in which heavy and 
sustained starting torques are required—for instance, for lift and 
similar work. 

The slip-rings are a very unwelcome complication, at any rate for 
smaller machines, but a way was found of doing without them by 
simply suitably dimensioning the rotor winding. The experience 
gained during the numerous tests which were carried out on such 
machines at one time or another led to the fuller recognition of the 
factors influencing the process of commutation, and showed the way 
to the correct design of such armatures. 

In the continuous-current machine we obtain sparkless commutation 
whenever it is possible, to balance the reactance voltage by a voltage 
induced in the short-circuited coil by some external means, or simply 
by the voltage resulting from the unequal distribution of the current 
under the brush. This last process is automatic, but limited in its 
effect ; it fails when the balancing voltage can only be obtained by 
raising the current density in some part of the brush beyond the per- 
missible limit. For the continuous-current machine the problem is 
therefore a comparatively simple one; whereas it is far more com- 
plicated for the machines under consideration. In the continuous- 
current machine there is only the reactance voltage to provide for: 
this may vary in magnitude, but its- phase is constant ; in the motor 
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under consideration we have to deal with three distinct E.M.F.s 
of different phase and varying magnitude. As in the continuous-current 
machine, there is a reactance E.M.F. to consider, which varies in 
magnitude with the speed and the rotor current, and is nearly in 
phase with the latter : in addition there is an E.M.F. апе to the static 
induction of the motor field (axis D) on the coil undergoing com- 
mutation, whose magnitude, of course, depends on the strength of the 
motor field, while in phase it lags about 9o degrecs behind the rcactance 
E.M.F. The third E.M.F. is that due to the rotation of the short- 
circuited coil in the transformer field (axis C), whose magnitude 
depends on that field strength and on the speed, while in phase it is 
opposite to the E.M.F. due to static induction. "The resultant of these 
three is the one to be balanced, and this varies in phase as well as in 
magnitude. This fact makes it particularly difficult to balance it by 
inducing in the commutated coil a suitable E.M.F. by some external 
means, since that E.M.F., in order to be effective, would have to follow 
the variations of the resultant not only in magnitude, but also in phase. 
At any rate, for small machines one must fall back on commutation by 
means of unequal distribution of current under the brush, which at 
once presents limits to the designer. 

At starting, only the first two E.M.F.s above mentioned песа be 
considered, and as a rule the second will be the greatest. As the motor 
speeds up the third comes into play ; being of opposite phase to the 
second, its effect is to diminish the latter. When synchronism is 
reached, these two practically cancel out, and there only remains the 
first, or the reactance E.M.F., to balance. 

Taking advantage of these conditions, and with careful design of 
the rotor, it has been possible so far to dispense with the slip-rings 
altogether up to sizes corresponding to about so Н.Р. at some 400 
revolutions ; such smaller machincs are made on the lines of Fig. 12, 
but with only one winding on the rotor and without slip-rings. In 
motors of greater power intended for continuous running at full load, 
provision is made for short-circuiting a number of points on the rotor 
winding, so as to relieve the commutator and to be able to make a 
smaller one do. 

The complete diagram of connections of a motor for intermittent 
load and designed to run in both directions (for instance, for elevator 
service), is given in Figs. 14, 15, 16, and 17; in this case it will be noticed 
that the resistances in the field circuit are suppressed. In order to 
reverse the direction of rotation, it is preferable to reverse the current 
through the winding S,. Rotation would also be reversed if the current 
through S, were reversed ; but as the tappings must be unequally 
spaced in the latter, such a course would lead to complications in order 
to restore the proper stepping. 

The average results which can be obtained with such motors vary 
somewhat with the periodicity of the supply and the number of poles 
of the motor. Taking as a basis 50 periods, and what can be con- 
sidered as a normal number of poles, and further assuming that the 
voltage at the terminals is not raised at starting above the value for 
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which the motor is designed, a maximum torque, two to two and a half 
times the normal, can be secured with about one and a half times the 
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FIG.14. 


normal current. The motors will start light with about no-load 
current, or not more than one-fourth of the normal current. 
The power factor can always be brought up to unity ; this, however, 
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may entail а heavier current іп the rotor and slightly higher losses. Оп 
that account the smaller motors are not, as a rule, fully compensated, 
as it does not appear advisable to lower the efficiency for the 
sake of improving the power factor by some 5 per cent. Thus for 
small machines up to 6 or 7 H.P. the power factor is only raised to 
0'7 or о at no-load, reaching 0:9 to 0°94 under load. The power factor 
curve rises very rapidly at first, and as the load increases it remains 
nearly constant. 

The larger machines are designed for a power factor seldom falling 
below o'9 and reaching 1 ; these can be made to take a leading current 
when desired. 

The efficiency of these compensated motors closely approximates to 
that of good asynchronous machines with squirrel-cage rotors. In the 
smaller sizes it falls some 2 to 3 per cent. below the latter, as is to be 
expected ; since for small outputs only a small increase in the losses is 
sufficient to reduce the efficiency by several per cent. In this case the 
increased losses are mainly due to the friction of the brushes on the 
commutator and to the C?R losses in commutator and brush-gear. In 
the larger sizes the efficiency quite equals, and sometimes, for a large 
number of poles and high frequencies, materially exceeds, that of the 
corresponding asynchronous motor. 

Altering an ordinary asynchronous single-phase motor to the con- 
struction which we have described will increase its output from 30 to 
40 per cent., besides vastly improving its power factor ; but the increased 
output and the better power factor of these machines do not entirely 
compensate for the increased losses. 

The number of poles which are here considered as normal run 
somewhat as follows: Four up to about 3 Н.Р. ; дапа 6 up to about 
10 Н.Р. ; 4, 6, and 8 up to about до H.P., and so оп. An increase in 
the number of poles for the same frame decreases the maximum starting 
torque obtainable, roughly, in the same proportion as the increase in 
leakage, while the current for a given torque increases. 

The power factor can be maintained at its high values for any 
number of poles likely to be adopted. But the efficiency naturally falls 
off with an increasing number of poles, since the speed and output are 
reduced, whilst the losses remain much the same. 

The maximum starting torque varies inversely as the square root of 
the periodicities, the current taken increasing nearly in the same pro- 
portion. The power factor can be maintained at its high values for any 
periodicity ; the efficiency, however, falls off a little with an increase in 
the number of cycles. 

The maximum output varies with the square of the terminal voltage, 
and the starting torque also increases in the same proportion as long as 
saturation is not reached. By boosting up the terminal voltage at 
starting, a torque equal to four times the normal can be obtained with 
about three times the normal current. 

The behaviour of these compensated machines under normal 
running conditions is interesting, and differs in many respects from 
that of the ordinary asynchronous induction motor. 
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Thus, for instance, at no-load the speed is, as a rule, a little above the 
synchronous—some 2 to 4 per cent., the actual amount depending on 
the auxiliary voltage impressed on the field brushes. At full load the 
drop in speed reaches about то per cent. in the smaller sizes, and where 
there is no means of short-circuiting, a number of points of the rotor 
winding, independently of the commutator, are provided. In the larger 
sizes, and where independent short-circuiting devices are employed, the 
slip approximates more nearly to that of the ordinary asynchronous 
motor. When heavily overloaded, the speed may drop to about two- 
thirds of the synchronous before the motor will pull up. This great 
drop acts as a safety-valve to some extent, and prevents the motor from 
falling out of step under momentary heavy overloads. 

The starting gear for the smaller machines simply consists of a 
3-pole, 2-throw switch. As a rule S, the stator series field wind- 
ing, is provided with two tappings besides the beginning and end: 
these are taken to four terminals; the end is joined directly to the 
beginning or end of the S, winding, according to the direction of 
rotation required. In the starting position the switch is connected 
to one of the three free terminals of the series field winding S,, 
the choice depending on the torque required. In the working 
position the S, winding is entirely cut out, and the shunt circuit 
closed on the S, winding. It is, of course, best to throw the switch 
over into the working position at the time when the motor has reached 
its normal speed, but no damage or undue rush of current will result if 
the exact moment has not been correctly estimated. If the motor starts 
light, the switch can be thrown over as soon as the motor has made a 
few revolutions ; if left in this starting position the speed will rise to 
perhaps 20 or 30 per cent. above the synchronous, but will at once fall 
to the normal on the switch being brought into the working position— 
there will be a momentary rise in the current not exceeding 25 per cent. 
If the motor starts under load the switch can be thrown over at any 
time after the motor has reached, say,a third of its normal speed. This 
margin is certainly sufficient, even when the motor is operated by 
unskilled men. If the motor does not start at allin the first position, it is 
useless to throw the switch over, as this will only cause a short-circuit. 

Larger motors are provided with controllers connected according to 
Figs. 14 to 17. The current is switched on gradually, and the motor 
starts according to the torque required on the first, second, or third 
point. With such a controller it is possible to regulate the speed of 
the motor to a great extent. If the S, winding is only in circuit on the 
last point, then on all the others the motor will have a series 
characteristic. If this winding is kept in circuit, then the speed, even 
at no-load, can be greatly reduced by moving the controller back; that 
reduced speed will, however, not be maintained nearly constant under 
load, but will fall off much in the same way as the speed of a shunt 
motor with weakened field. "This drop will bethe greater the more of 
the S, winding is switched into circuit. Under these conditions the 
power-factor and efficiency fall off to about two-thirds of their normal 
value, 
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Better results with regard to efficiency and power factor during 
starting can be obtained in special cases by regulating the E.M.F. 
impressed on the D circuit, increasing it as the speed decreases, 
but this necessitates a little more complication in the connections 
and windings. 

In order to illustrate more fully the properties of these motors, a 
number of curves are appended which have been obtained by actual 
tests on some of the smaller motors built. These machines have not 
been chosen as exemplifying the best results which can be secured, but 
were selected because comparative tests are available, and these, it is 
thought, will present the greater interest. 

The motor No. 1 was built into the frame of a standard 50-cycles 
4-pole machine, which, as an asynchronous squirrel-cage single-phase 
motor, gives 1 B.H.P. continuously, at some 1,460 revolutions. It was 
fitted with an experimental continuous-current armature, and tested 
both as a plain shunt induction motor, with a rotor short-circuited 


along two axes stationary in space and displaced by LI degrees (sce 


Fig. 1), and as such an induction motor, with the addition of the 
improvements described in this paper. (See Fig. 15 or 17.) 

The armature was not of the most suitable design, but as the same 
one was used in both cases, the comparison is fair, and clearly shows 
the enormous advantage of the compensation. The curves relating to 
the first test are shown in Fig. 18; those relating to the second, 
іп Fig. Ig. It can be seen that the addition of the author's 
compensating winding caused the no-load current to fall from 08 
to 37 amperes, and the power factor to rise from 0°38 to 0°78, while 
the maximum efficiency rose from 32:8 per cent. to 49:5 per cent. 
Whereas without compensation the output at maximum efficiency 
was 0'7 B.H.P., with compensation it reached 1:25 B.H.P. In the first 
case the speed dropped to 1,235; in the second, and notwithstanding 
the greater output, to only 1,285; the respective power factors 
being 0:665 and 0:935. With a more satisfactory armature both 
motors would be improved; their relative performances, however, 
would remain the same. With such an armature the compensated 
motor gives a continuous output of 1°25 B.H.P., and shows a smaller 
drop in speed. The efficiency in this case is about 3 per cent. less 
tban that of the corresponding squirrel-cage motor. 

In most of the curve sheets included in this paper it has been found 
conducive to greater clcarness sometimes to place the zero of some of 
the vertical scales on different levels; attention is drawn to this in 
order to avoid possible misunderstandings. 

A comparison between an asynchronous induction motor with 
squirrel cage, and a motor of this new type, is afforded by Figs. 20 
and 21. The same frame, No. 2, has been used in both cases ; it is 
that of a standard single-phase motor giving continuously 15 В.Н.Р. 
at so cycles and about 1,460 revolutions when wound for 4 poles. 
This machine had never been built with 6 poles, on account of the 
bad performance expected at the lower speed, 
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As an experiment it was wound for 6 poles, and the result of the 
tests is shown by the curves in Fig. 20. The machine in this form is of 
no practical value, as can be gathered from these curves, and it gets too 
hot. The densities would have to be much reduced to keep within the 
limits of temperature rise, and to reduce the no-load current as far as 
possible. With 6 poles an output of about о'95 B.H.P. could be 
obtained, with a no-load current of not less than 70 per cent. of 
the full-load value. 

Preliminary tests showed that sufficiently good results would be 
obtained with the addition of the author's improvements. This stator 
was re-wound for 250 volts (to suit a certain supply circuit), the 
densities being kept practically the same : speaking exactly, they were 
lowered by 4 per cent. The result was a good commercial machine, 
and is illustrated by the curves in Fig. 21. In this form 1°3 B.H.P can 
be obtained continuously from that frame when wound for 6 poles. 
Comparing the two sheets of curves, and reducing the stator current 
of the first to 250 volts, we find that at no-load the speed hasrisen from 
950 to 1,060, the power factor from o2. to 0°78, whereas the current 
has fallen from 7 to 2:5 amperes. At full-load the speed is now О5О 
instead of обо, the power factor 0'952 instead of 068, the current 
68 instead of 9 ampercs, the efficiency 59:5 per cent. instead of 62:5 
per cent, whereas the maximum torque which the motor can exert 
before pulling up has risen from 1°75 to 225 mkg. The maximum 
output, which of course takes the speed into consideration, has only 
increased by some 8 percent. This improved motor, which is one of a 
standard series, easily starts with a pull of 2:5 mkg., that is 2:5 times 
the normal, while there is no sparking at the commutator either at 
starting or under normal running conditions. The general appearance 
of this machine is shown in Figs. 22 and 23. 

Motor No. 3 shows another case where an ordinary squirrel-cage 
single-phase motor absolutely fails, whereas the new compensated 
motor gives excellent results. Frame and winding are identical in 
both cases. The results with the squirrel cage are shown in Fig. 24, 
those with the new motor connected as in Figs. 15 or 17 are illustrated 
in Fig. 25. The frame used is that of a standard single-phase 4-pole 
motor generally wound for 4 poles 50 cycles, and giving under these 
conditions 6 B.H.P. continuously. This frame was now wound for 
8 poles and 85 cycles ; the test with the squirrel cage showed that the 
machine was practically useless, whereas the results obtained with 
the new arrangement are quite good. This particular machine was 
designed for intermittent load. A comparison of the main data shows 
the following results at no-load : the speed of the squirrel cage was 
1,270 as against 1,355, the no-load current 41 as against 12:8 amperes, 
the power factor o'19 as against unity. The maximum B.H.P available 
was 5:5 апа 8 respectively, so that the squirrel cage could not be 
worked normally at the required normal load of 5 Н.Р. The 
maximum efficiency is better by 2 per cent. for the compensated 
motor, reaching 66 per cent. at full-load. 

'The curves, Fig. 25, also show the variation in the rotor currents in 
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the C and D axes, as well as the value of the auxiliary E. M.F. (D volts) 
impressed on the D circuit. It has already becn said that the overload 
capacity of these motors depended greatly on the value of this E.M.F. : 
in this сазе the experiment was tried. With 10°38 auxiliary volts on the 
D brushes the power factor was unity, the speed 1,266 revolutions, 
the output 7:97 B.H.P. at 63'1 per cent. efficiency, and the overload 
capacity о B.H.P. The current in the D axis rose to 1105, that in the 
C axis to 174'5 amperes. It is owing to this large current in the latter 
axis that the efficiency was a little lowered. At lighter loads the 
current taken by the motor was leading. "These last results have been 
added with the object of showing that care must be exercised in the 
predetermination of the auxiliary E.M.F.: if this be chosen too high the 
efficiency might suffer for the reasons already set forth. Particular 
care is required when high densities are adopted. The current in the 
field axis follows the same laws as an ordinary magnetising current. 

We have so far been comparing the performance of the squirrel- 
cage motor with the new motor without auxiliary short-circuits in the 
armature, and have found that, at least for the smaller sizes and the 
lower periodicities, the latter is at a slight disadvantage with regard to 
efficiency ; but even this disadvantage nearly disappears if, after the 
machine has been converted into a shunt induction motor by short- 
circuiting the rotor along two stationary axes, several points of the 
rotor are also short-circuited according to the diagram in Fig. 12. 
This increases the efficiency of the motor by several per cent. But 
even then the comparison is not really a fair one, since the starting 
properties have not at all been considered. There is no known 
method of starting an ordinary asynchronous single-phase motor which 
will bear the least comparison with the one here described ; the most 
effective all make use of rotors provided with slip-rings ; and it would 
be more correct to compare with this new type that form of the 
ordinary induction motor which allows of the best starting torque being 
obtained. If this be done the ordinary induction motor entirely loses 
its one remaining advantage, since the use of the slip-rings at once 
lowers its efficiency. 

In Fig. 26 is shown a set of curves illustrating the starting 
performance of motor No. 3. The point of the starting switch to 
which this set of curves corresponds is one for which the proportion 
of ampere turns in the S, and S, windings is as 1 to 3°5. Similar sets of 
curves would be obtained for other points of the starting switch. 

The full-line curves illustrate in detail the performance of the 
motor with varying load as a scries induction motor (D circuit open). 
The speed for any given torque could be increased or decreased by 
moving the switch forward or backward. The dotted curves were 
obtained by gradually closing the shunt exciting circuit, beginning with 
a resistance of half an ohm in circuit when a speed of 860 revolutions 
(two-thirds of normal) had been reached, reducing this to 715 ohms and 
then cutting it out altogether. It is seen that the available torque 
never sinks under 2778 mkg., which corresponds to the full load, and 
that the speed curve is regular enough for all purposes. The 
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maximum torque obtainable, however, only just reaches twice the 
normal. The auxiliary E.M.F. employed was the normal, i.e, 65 
volts, and was practically constant. Had the auxiliary E.M.F. been 
raised a little at starting, and the shunt circuit closed sooner, say at 
about 600 revolutions, a rather more gradual speed curve would have 
been obtained. Such fine adjustment is, however, quite unnecessary for 
practical purposes; it is, indeed, quite sufficient to directly close the 
shunt circuit at about two-thirds of the normal speed ; the dotted curves 
remain much the same, the kick in the stator current curve is, however, 
more pronounced, and as nearly as could be observed the current rose 
momentarily to 68 amperes when the torque was kept nearly constant. 
In practice the torque required decreases as a rule with the speed, so 
that in reality the current would not rise to 68 amperes, and it is 
thought that the dotted curves represent more nearly the conditions 
which would obtain in actual practice if the shunt circuit were closed 
at two-thirds of the normal speed without the interposition of 
resistances. 

It remains for us to deal with a modification of this motor, but 
capable of developing without increase of pressure at the terminals, 
and without starting apparatus of any kind, a torque at starting at 
least four times the normal on circuits of 50 periods. This machine 
is particularly well suited to do duty where a series characteristic 
is required, and since.it can be converted into a constant speed 
machine at any time and with the greatest ease, it is also suited for 
ordinary work, more particularly, however, for elevator service on 
high periodicity circuits, and where specially great starting efforts аге 
needed, together with freedom from racing. 

It has been shown that the rotor winding in the axis D D is made 
use of in the shunt induction machine as the field winding. It is clear 
that if it can be used as a shunt-exciting winding it can be also used 
as a series-exciting winding. The author has found that, for the 
purpose of starting and speed regulation, a very marked improvement 
can be secured by connecting the rotor winding along the axis D D in 
series with the field winding S, disposed on the stator, and also in 
series with the transformer winding S,. Going a step further, he also 
connected the winding S, providing the auxiliary E.M.F. for improving 
the power factor when working at a constant speed, in series with the 
windings already enumerated. These connections are shown diagram- 
matically in Figs. 27 and 28 for both directions of rotation. 

By this change of connections the nature of the machine is not 
altered in any way ; it is still nothing more than a series induction 
motor. As before, the stator group S, induces the armature current, 
but instead of all the motor field winding being disposed on the stator, 
part of it is also disposed on the rotor ; the rotor winding itself in the 
axis D D doing duty as such. 

The winding S, has a small E.M.F. generated in it which is 
co-phasal and of the same direction as the E.M.F. impressed on the 
motor, and consequently increases the total active E.M.F. The 
advantages secured are manifold. As before, the machine can be 
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designed to take as little current as may be desired on the first point 
of the starting-switch without the help of external resistances, trans- 
formers, and the like, and with less turns in the group S, than were 
previously required. Whereas before, when the rotor field winding 
was not in series with the stator field winding, the starting torque fell 
to zero as soon as all the stator field winding was cut out, now the 


2 
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starting torque reaches a maximum at that point. This last difference 
is of extreme importance for heavy work, and particularly so for lift 
work. This modified motor also shows a very much better power- 
factor when running as a series machine, the reason being that the 
E.M.F. (E R) generated at the D brushes is nearly opposed in phase to 
those components of the E.M.F. impressed on the terminals which go 
to balance the E.M.F.’s of self-induction. generated in the motor 
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windings. The phase of the E.M.F. due to S, tends to coincide more 
and more with the motor field as the motor speed increases. The 
field brushes D, which before were idle during the greater part of the 
starting period, are now made use of from the very beginning and 
with the greatest benefit. As to the conversion of the motor into a 
shunt induction machine, it is almost simpler than before; all that 
is necessary is to short-circuit gradually, or suddenly, the points in 
the connections marked 5 and б. If a resistance W is connected in 
parallel to these points, the speed can also be regulated to some extent 
by its help. The higher the resistance, the nearer will the character- 
istic of the motor approach to a series characteristic. А reduction 
of this resistance tends to bind the motor more and more to its natura] 
constant speed ; decreasing its speed if the same happens to be above 
the natural, and increasing it if it happens to be below the natural. 

For the purpose of short-circuiting the points 5 and 6 at approxi- 
mately the natural or synchronous speed, the author has devised a very 
simple centrifugal arrangement which can be fixed on the motor-shaft 
outside the frame and which secures a quick make and brake ; in this 
way the controllers for lift work, for example, are greatly simplified. 
Such a short-circuiting device will operate well within 15 per cent. (up 
or down) of the prescribed spced, so that every shock is absolutely 
avoided. It is only necessary for the various windings which have 
been enumerated to be in series relation to each other ; they need not 
be connected in series directly, it being possible and sometimes very 
useful to interpose series transformers. 

As an illustration of the advantages to be gained by this improved 
means of starting, some tests carried out on No. 3 motor are graphically 
reproduced in Fig. 29. The transformation ratio from stator to rotor 
was 26to1. Notwithstanding that no transformer was used to feed 
that part of the field winding which is disposed on the rotor, the con- 
nections being exactly as shown in Fig. 27, the improvement secured 
is very marked indeed—with the same starting current a 27 per cent. 
greater torque was obtained; in other words, a torque 2:5 times, the 
normal, with rather less than twice the normal current, and this with 
a small 8-pole motor on an 85-cycle circuit. Apart from this, the 
properties of the motor as a series induction machine (full lines) are 
vastly improved, the maximum power factor rising from 0°82 to 0'975, 
the maximum efficiency from 57 to 66 per cent., and the maximum 
B.H.P. from 6°56 to 7°6. 

The dotted curves show what would happen if the centrifugal 
device referred to acted at 15 per cent. below the normal speed, In 
order to carry out this test the rise of speed was watched on a tacho- 
meter, and the points 5 and 6 were short-circuited at a speed of 
1,100 revolutions. The transition to shunt ореганоп is even more 
perfect than in the previous case. 

It is not proposed to deal morc fully in this paper with the — 
ance of this motor as a machine with a series characteristic; enough 
has been said to show the possibilities in that direction, but it might be 
added that traction motors have been built and tested, giving excellent 
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results. These machines have a very high power factor and commutate 
well. Comparatively good efficiencies have also been secured; that 
of a 60-B.H.P. motor at соо revolutions reaching 82 per cent. for 
40 B.H.P. and 86 per cent. at full load. Тһе author hopes to shortly 
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have an opportunity of publishing а more detailed account of this 
special work. 

In order to throw additional light on my views with regard to the 
phase compensation of these motors, I propose, with the help of a few 
simple diagrams (Figs. 31-33), to approach the subject from another 
point of view, and, having now patented most of the novel designs 
which I have been able to evolve from my theory, I can also add a few 
remarks relating to the general theory of the shunt induction motor 
which, of course, also apply to the motor under consideration. 

The conditions which are of the greatest interest are those prevailing 
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in the rotor along the armature axis. Let us assume, to begin with, that 
the back E.M.F. (E B) is; as regards phase, exactly in opposition to the 
working E.M.F. (E T). The conditions then prevailing in the rotor 
along the armature axis are shown in Fig. 31, where T F indicates the 
phase-of the transformer field. The motor is supposed to run sufficiently 
slowly for the E.M.F. (E X), which in this case is equal to (E T — E B) 
algebraically, to have the value indicated. Now we know that the two 
other E.M.F.’s (E W and ES) which must be taken into account in 
this circuit are always at right angles to each other, and they will con- 
sequently meet somewhere on a half-circle described about the centre 
of E X and having a diameter equal to E X. It is easy to see that, 
under these conditions, phase coincidence between E T and the 
armature current AC can only be attained when the self induction 
of the rotor along that axis is zero, and E X would then be in phase 
with A C. Supposing for the moment that E S could be eliminated, 
it would still be quite impossible to obtain in the primary or stator a 
power factor equal to unity. Of course ES can never be zero in a 
shunt induction motor, no more than the rotor resistances can ever be 
nil, so that for the case of Fig. 31, AC would never be in phase with 
E T, and this phase difference would be the greater the greater ES 
relatively to E W. With increasing load E X would have to become 
larger. This would necessitate a decrease of E B, and consequently a 
decrease in speed. In the case of a shunt induction motor this decrease 
would not be proportional to the increase of E X, because in these 
machines the motor field also decreases with the speed; and E B 
depends on the latter as well as on the speed. Then, again, with 
increasing load A C would have to increase, not only on account of the 
increase in load, but also for the reason that as A C increases it also 
lags a little further behind E T on account of ES, which, owing prin- 
cipally to increasing leakage, rises somewhat faster than A C, whereas 
E W only increases in the same proportion with A C if we disregard 
the increase of resistance due to heating. In order to fully recognise 
this fact it is only necessary to remember that E B is co-phasal with the 
motor field, and that the more A C lags behind E T the more the 
working current géts out of phase with the motor field, and therefore 
the greater is the armature current required for a given torque and with 
a constant motor field. 

It is altogether clear that a shunt induction motor (or for that matter 
any alternate-current motor) in which the phase difference between 
transformer and. motor field is exactly 90° can never be satis- 
factory. In such a motor, and without the help of external devices, 
the power factor can never be unity, and can only be made at all 
acceptable by sacrificing the efficiency ; further, the output for weight 
must be small, for А С can never be in phase with the motor field. 
Yet the rotary field theories advanced to explain the action of the shunt 
induction motor lay stress on the desirability of as perfect a rotary 
field as possible; this, of course, can only be achieved when the phase 
difference between the two fields is exactly 9o? and when they are 
equal in magnitude. . | 
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Let us turn now to Fig. 32. The motor field is here supposed to be 
leading ТЕ by about 70°; AC, EW, ES, have been chosen of the 
same magnitude as before; this small change in the phase of the 
motor field, bringing with it a change of phase of E B amounting to 
20°, has caused А C to move through about 58°, from AC’ to A C. 

Here we obviously have a very much more favourable state of things. 
Under the conditions chosen, A C now leads E T, and it is clear how a 
corresponding and opposed component added to the stator no-load 
current will bring the resultant stator current nearer to the phase of the 
E.M.F. (E) impressed on the terminals of the motor, and it is also clear 
how, if desired, this resultant stator current can be made to lead E. 
Under these conditions power-factor unity can be obtained with as 
small a rotor resistance as desired, and therefore without for that 
reason sacrificing the efficiency. It is, however, important not to shift 
the phase of the motor field too far in the direction indicated, for if at 
full load the phase of A C still lags much behind the phase of the motor 
field, the machine will require a greater armature current for the same 
torque. In Fig. 32, AC is considerably out of phase with the motor 
field, but then the conditions in all these figures are much exaggerated 
in order to secure clearness, and it is quite possible in practice to 
secure extremely high power factors without introducing such a phase 
difference between A C and the motor field as to impair the efficiency. 
It is to be noted that whercas the phase difference between A C and 
E T, and A C and the motor field was practically constant in Fig. 31, it 
becomes variable as soon as E B ceases to be co-phasal with E T, the 
reason being that as E B increases or decreases, E X not only varies in 
magnitude but also in phase, and although at light loads A C may lead 
the motor field considerably, this phase difference decreases with 
increasing load. 

Now, one of the methods described in the paper takes advan- 
tage of these very conditions in order to improve the power factor 
of these machines. In order to bring about the necessary phase 
displacement of the motor field an auxiliary E.M.F. is introduced into 
the field-circuit, and this E.M.F. is preferably so chosen as to lag 
by about 9o? behind Е К, which otherwise would alone be re- 
sponsible for the motor field. The resultant of these two E.M.F.'s 
then sets up a field displaced as regards phase to an amount depending 
on the phase and magnitude of the auxiliary E.M.F. 

Before leaving Fig. 32 it should be noted that over and above the 
advantages already enumerated, the same armature current can now 
be obtained with a smaller reduction of E B ; this, of course, means 
that the motor now does its work with a smaller drop in speed. Super- 
posing E B of Fig. 31 on E B in Fig. 32, the former would only reach 
to the small circle indicated on the line E B in Fig. 32. It is quite 
obvious that much more power can be obtained from a motor working 
under the conditions shown in Fig. 32 than from one working under 
those shown in Fig. 31, not only for this reason, but also because as 
the load increases A C now approaches the phase of the motor field 
instead of receding from it. 
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In Fig. 33 I have indicated what would tend to happen if the phase 
of the motor field were displaced in the opposite direction ; even at 
no-load the motor might come to a standstill, or even tend to reverse 
its direction of rotation. Тһе conditions shown are, however, entirely 
fictitious, because E B could not be maintained at the value allotted to 
it in the diagram, and would drop very rapidly with the speed, thereby 
slightly improving matters, inasmuch*as the motor would not go so far 
as to reverse, but would only run very slowly, much against its will, to 
the detriment of its commutator, and taking a large current. 

АП this sounds very gloomy indeed for the ordinary shunt induction 
motor, such, for instance, as the squirrel-cage motor, because it would 
seem at first sight that the conditions in Fig. 31 must necessarily prevail 
in all such motors. Happily this is not the case, and in order to recog- 
nise this fact it is only necessary to study the no-load diagram of an 
ordinary transformer. This is shown in Fig. 30, and the main point to 
be noted is that when the E.M.F. of self-induction (es) of the primary 
winding is large as compared with the E.M.F. (ег), representing the 
ohmic drop in that winding, then the transformer field T F lags by 
moré than 9o? behind the impressed E.M.F. (E) In an ordinary 
transformer with its almost perfect magnetic circuit, (es) will 
be very small, but in the induction motor, for instance, this E.M.F. 
will be very considerably greater already on account of the necessary 
air-gap. Whereas in an ordinary transformer E will lead TF by 
practically 9o», in an induction motor it will lead TF by more 
than 00% Now in the motor-field axis of the shunt induction 
motor we have a transformer under no-load conditions, and the more 
the motor field lags behind the E.M.F. (E R), which is co-phasal with 
T F, the better will the motor be, not only as regards power factor, but 
also as regards output and efficiency. In this axis (er) should be as 
small as possible and (es) as large as possible, also the greater the phase 
difference between I, and T F the better. I think I can say that this 
is the most vital point in the design of these motors. Conditions 
approaching those in Fig. 33 are absolutely to be avoided ; the con- 
ditions in Fig. 31 are unsatisfactory, and what the designer must aim at 
is to approach the conditions shown in Fig. 32. as nearly as possible. 
I venture to think that the whole crux of the matter lies in the phase 
relation between E T and E B, and there is no other theory of which 
I am cognisant which has brought out this most important fact. 

I will not press this point further at this juncture ; a careful study 
of these conditions ^must show everybody the further interesting 
deductions which can be derived therefrom, and these, I hope, will be 
of some assistance to those who design such machines. . For the sake 
of completeness I will, however, call attention to another point which 
must be taken into consideration. The conditions I have just described 
with regard to the motor-field axis are practically constant for all loads, 
since the excitation for a shunt motor is nearly constant, and therefore 
the phase difference between T F and the motor field will be constant ; 
but in calculating the resultant phase difference between stator current 
and the E.M.F. (E) impressed on the stator, account. must be taken of 
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the fact that the phase relation between E and T F varies not only with 
the magnitude of the load but also with its nature. ‘These conditions 
have been fully investigated for the ordinary transformer, for instance, 
by Steinmetz.* The phase of the impressed E.M.F. (E) being constant, 
the phase of TF will have to vary, but the rclative phase relation 
between T F and the motor field will be preserved. The phase rela- 
tions I am referring to will be exaggerated for the imperfect trans- 
former with which we are dealing. 

I have said before that the phase relation between AC and ET 
varies with the load ; it is therefore not at once apparent that notwith- 
standing it is possible to obtain a nearly constant and high power factor 
for all loads, and with a constant phase difference between E T and 
EB. The diagrams (Figs. 34, 35, and 36) will, I trust, show how this 


£ Е 
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FiG. 34. FiG. 35. Fic. 36, 


can be achieved. The three diagrams show the effect of a constant 
secondary current AC of varying phase on the phase difference 
between the resultant stator current (I) and the E.M.F. (E), for a 
constant stator no-load current (I,). 

Even at no-load there must be a certain armature current flowing 
in the rotor along the transformer axis in order to keep the motor in 
motion and indirectly supply the excitation for same; it is obvious 
from these diagrams that AC must be a leading current if I is to be 
even nearly co-phasal with E. It might be objected that at no-load AC 
ought to be so small that even if it were leading E T by very much it 
ought not to be able to bring I into phase with E. It must be 
remembered, however, that the more A C leads E T, the more it gets 
out of phase with the motor-field and, consequently, the more must 


* “Alternating Current Phenomena,” page 202. 
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AC increage, notwithstanding that the torque required at no-load 
remains constant. The result is that I not only decreases as the lead 
of AC over ET increases, but its phase comes into closer coincidence 
with E. 

These conditions at no-load can be secured by choosing the phase 
relation between E T and E B indicated in Fig. 32. We have seén 
that the phase of А С in that diagram approaches that of E T with 
increasing load ; a glance at Fig. 36 will show that if the lead of A C is 
reduced, whilst at the same time its magnitude is increased, the phase 
relation of I to E will remain much the same. As a matter of fact, it 
will vary to a certain extent, but for all practical purposes this method 
of phase compensation secures a phase difference between stator 
current and impressed E.M.F. which can be called constant, de- 
creasing at first and then increasing with increasing load. It should 
also be noted that with this method of phase compensation the phase 
difference between E B and E T increases a little with decreasing 
speed, because E R decreases whilst the auxiliary E.M.F. remains 
nearly constant ; this, of course, is an advantage, and tends to improve 
the power factor at the higher loads. 

It may sometimes be necessary to make I lead E at no-load in 
order to obtain a high power factor at full load ; these conditions are ` 
determined by the constants of the motor, and can be ascertained by 
calculation. 

I should like to add a few words about sparking: I have shown 
in my paper that the reactance voltage only need be considered 
under the normal running conditions of this motor; we may take it 
that, just as in the continuous-current machine, this voltage is in phase 
with the armature current and can therefore be counteracted by the 
same means, 1.е., by the use of commutating poles. To be absolutely 
effective under all loads, these poles ought to carry windings disposed 
in series relation to the rotor currents the commutation of which they 
are to assist. This would be inconvenient for many reasons, and in 
practice sufficiently good results are obtained by making use of the 
corresponding stator current I. Commutating poles excited in this 
manner will not induce E.M.F.s absolutely in phase with the reactance 
voltage, but this disparity of phase will decrease with increasing load, 
and it is at the heavier loads that their help is mostly needed. No 
kind of commutating coils will, however, help to reduce any tendency 
to spark at the moment of starting, and at that particular stage nothing 
but a heavy armature current, weak motor field, and resistances 
between commutator segments and rotor winding, will be of the 
slightest use. Now, the use of resistances between commutator and 
rotor winding is detrimental to the efficiency of these motors once 
they have attained their normal speed. We have, however, ready 
means at hand for reducing this harmful influence to a negligible 
quantity by making use of the auxiliary revolving short-circuits 
indicated in Figs. 12 and 13. It is therefore quite easy to construct 
this particular motor for very large sizes, being able at the same time 
to guarantee perfect commutation. In this respect, as in the many 
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others already enumerated, it presents great advantages over other 
types of alternating-current motors. 


DISCUSSION. ` 


Mr. LLEWELYN B. ATKINSON: I think the thanks of the Institution 
are, in the first instance, due to the author for the very interesting and 
instructive paper which has been put before us to-night. The success 
which he has obtained is a success which has not been suddenly reached 
with a plunge. I know that the author has been working, often under 
very serious difficulties, at this subject steadily for the last eight or ten 
years, and I think we may all congratulate him that he has succeeded 
in bringing to a triumph the motor which he has put before us in this 
paper to-night. The author has alluded in the paper, in very generous 
terms, to my own work on this subject, and especially to a paper 
which I read in 1898 before the Institution of Civil Engineers.* At that 
time practically all explanations and theories connected with alternating 
motors rested on a discussion of a rotary field, which, I think, did 
a very great deal to retard the progress of design in electrical motors of 
the alternating-current type, because the method of reasoning is only 
really adaptable, without very forced ideas, to multiphase motors with 
symmetrically disposed currents. As long ago as 1888 I took out my 
first patent on alternating-current motors. That patent was based on 
the idea of a transformer with a rotating secondary coil, and with a 
magnetic field acting upon the wires carrying currents induced in that 
secondary coil. As long ago as 1888 a small machine of that kind was 
built. I recognised then the necessity of small air-spaces, and I 
carried it to such an extreme that probably that was what suspended 
those experiments, because the shaft of the machine used to bend so 
badly and touch the poles that we did not get much result out of it, 
and, as often happens with those things, if -they do not go off well at 
first you put them on the shelf, intending to come back to them, and 
you never do come back to them. After one or two trials at this class 
of motor, there was brought over to England a little shunt-wound 
generator which came under my notice. It was intended to generate 
continuous currents, and was designed and made by M. Rechnieuski, 
in Paris. It was given to me in order that I might test the question of 
outputs and so on; and as a matter of interest, along with Mr. 
Ravenshaw, I carried out some experiments as to how it would work 
with an alternating current. We could not use it as a series machine 
or a shunt machine, and we found the only way to make it work was to 
connect the generator to the shünt coils, to short-circuit the brushes, to 
tiit them from the neutral axis, and then it ran round very beautifully, 
although it sparked viciously. Then came the question why it worked. 
At that time we were all charged up to the brim with the “repulsion " 
motor of Elihu Thomson, and it was such an easy thing to say it was a 
* repulsion" motor that many of us never asked any more questions. 
However, I came to the conclusion that we had a motor there which 


.* Minutes of Proc. of Institution of Civil Engrs., vol. cxxxiii, p. 113. 
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was analogous to a series motor, in which. you pass a current into the 
armature only ; you do not magnetise tlie field, but you tilt the brushes. 
Such an armature will then revolve and magnetise the field; parts of 
the turns are acting to magnetise the field, and the rest of the turns are 
revolving in the field. That was the explanation of the matter, From 
time to time I went on with this work, and among the men in this 
country whom I was able to interest in it were Mr. Edward Cowan 
and Mr. E. Still, who worked à good deal with me in experimental 
work on this motor, and with me built in 1896-97 a motor in 
Manchester which would be, in the terms of the ‘nomenclature 
we are speaking of, a series induction motor, of which I have here 
some of the tests which were made then. They are interesting from 
the point of view of shewing what at that date we had obtained with a 
series induction motor with short-circuited brushes. The maximum 
power which we obtained was 4} H.P., ranging from o'69. With 
44 Н.Р. the efficiency was low, about 65 per cent., and the power 
factor was also low, about 57 to 70 per cent. But the interesting part 
is that we were able to get a very good starting effect. The 44 Н.Р. 
that I mention corresponded to 18 lbs. weight at 1 foot radius by way 
of torque. I have here a test of 20 lbs. weight at 1 foot radius by way 
of torque, with exactly the same current in the armature as it took 
when running, showing that the current in the armature was not 
greater at starting—that is to say, when the motor was standing still— 
but giving this full-load turning moment, it was no greater than it was 
when running. That, of course, was а state of affairs that had not been 
reached with any of the squirrel-cage single-phase motors. We had a 
great deal of trouble with sparking to start with, but we got fairly good 
results eventually. I find that on December 13, 1897, Mr. Cowan 
wrote to me: *I think there can be no doubt the sparking troubles 
are at an end, as we have had very nice runs up to 3 H.P. without 
any serious sparking.” Тһе brushes, I may say, were taken out of 
stock, and belonged to some continuous-current machines. At this 
point, however, we were unfortunately obliged to drop the matter, 
partly for the reason that the particular facilities that Mr. Cowan, 
Mr. Still, and I myself had at that moment of carrying out tests came 
to an end, and partly owing to a difficulty which I think is quite 
worth mentioning, because it is very instructive on the question of 
the patent laws of different countries. It was this. Patents were taken 
out in England for this motor. At that time there was no sort of 
examination; it was quite a simple process; but when we came to 
Germany we were met with the statement that everything was known 
—there was absolutely nothing whatever novel about it, and only 
very limited patents were granted. With regard to America, I carried 
on a struggle with the examiners in America for two years, par- 
ticularly with regard to one of the patents for compensating the 
phase of the supply current, not exactly in the way the author has 
mentioned, but in an analogous manner. The final letter I had from 
the examiners іп the American Patent Office was to this effect : “ It is 
not understood, from either the original specification or the amendment 
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filed, what the compensating winding is, or what it is intended to 
accomplish. It is not seen why this has no inductive effect on the 
armature, nor how it can regulate the phase of the current. Its object 
is not understood. Until the applicant has complied with the require- 
ments of a full, definite, and intelligible description of his invention, the 
examiner is unable to take any action on its merits.” Turning now 
to the paper itself, the author has shown two things. First of all, by 
an exceedingly clever design, on more or less known lines, he has 
succeeded in getting over the sparking difficulty. He has succeeded 
in so proportioning his parts that he has got fairly good efficiencies. 
But he has done more ; he has succeeded in solving, in a remarkable wav, 
the combination of a compensated motor—that is to say, one in which 
the power factor is brought to unity without condensers or other outside 
appliances, in a motor giving an exceedingly good torque at starting and 
a good efficiency. This idea of putting on an additional field was 
not altogether new to me, but I was trying to get it in another and 
very difficult way, and it was this: In order to bring the primary 
current into phase with the primary E.M.F., to give the secondary 
current a lead by making the armature rotate in a field in quadrature 
with the motor field. The difficulty is that, as the load varies, the com- 
pensating effect has to be varied very considerably to do it, and it is not 
easy to get that variation. I only hoped, in fact, to get an average effect. 
The author, by what to me seems almost a stroke of genius—because 
the thing is so simple when it is done in the way in which he has 
accomplished it—has not tried directly to bring the secondary current 
into phase with the primary current, but he has altered the phase of the 
motor field. Offhand I should have thought that the alteration of the 
motor field would have been a dangerous thing to try ; but he hasshown 
that it has the effect of so small an alteration in the phase of the field 
that it does not produce any deteriorating effect, and at once gets over 
the difficulty of the varying load question. The author has not, to my 
mind, at all exhausted in the paper the possibilities that are opened up 
by such a motor as this, though he has shown what it may do with lifts, 
and so on. His investigations have not arisen out of mine, and there- 
fore he may claim the entire credit of the invention to himself, because 
I know that when I was working at the subject his own mind was 
working on parallel lines, quite independently of what I was doing. I 
venture to think that the paper which has been brought before us to- 
night will have a profound bearing on many questions of power distribu- 
tion, and on none with a greater effect than on tramways and the big 
railway electrifications which are now coming beforc us. 


Mr. W. М. Мокре: I am glad to take part in this discussion, М 


not because I wish to discuss the theories which the author has put 
before us, but because it enables me to refer to tests I have recently 
been able to make with some of these machines. I happened to be in 
Switzerland recently, and on my way home I stopped at Basle and saw 
some of Mr. Fynn's motors in the works of Messrs. Alioth, who were 
good enough to arrange that I should make some tests. I was very 
pleased with what I saw. I have been looking for a long time to the 
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removal of the reproach that 1-phase alternate-current motors cannot 
do everything that direct-current motors can do. The author has 
materially helped to remove: some of the remaining difficulties. He 
and others who are working at the same problems have given us 
machines with the qualities of direct-current shunt motors as regards 
constant speed, or nearly constant speed, and motors with the qualities 
of series motors. I will give іп the S'ournal* the figures I got in a 
rather hasty test of a 6- H.P. motor which was run from no load up to 
nearly 12-H.P. Through its normal range of load its speed dropped 
only тоо revolutions. That would not be a bad speed-regulating 
performance even for a direct-current shunt motor. There was no 
movement of the brushes, and there was no attention to the machine 
atall. The power factor was nearly unity, falling a little at 100 per 
cent. overload—a very creditable performance, I think, for a machine 


* TEST OF 6-Н.Р. FYNN бо-(\7 4-POLE MOTOR AT THE WORKS OF MESSRS, 
ALIOTH, BASLE, JANUARY 12, 1906. 


B.H.P.| Revs. | Amps. | Volts. V. x A. | Watts. |Р. Е. |Effic. Amps. Volts.|Collection. 


— | 1,528 18°7 | 140 2,618 2,450 | 94.1 — || — — Fair 
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pr 1,355 71°5 | 1405 10,046 9,500 кы p e = Fair 
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е. к B I40 16,800 NUR, PE ИЕ | B » Worse 
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Remarks.—Fixed brushes throughout. No adjustment of any kind. Load was a 
water-cooled friction brake on pulley with adjustable weights. И | 

(а) апа (v) were current + (brush) volts in short-circuit at circuit “A” in 
diagram. : 


STATOR = . MOMVMAIN _ 


coc oc Fig. A, Les жы 


1906.] COMMUTATOR MOTOR: DISCUSSION. 371 


for such a power. The collection was good—at the overload, I think, М 


not worse than a direct-current motor overloaded to that extent. The 
starting torque I did not test. I was told the full-load starting torque 
was obtained at about full-load current. The efficiency was low, 
about 0:67 at full load. It should, however, be remembered that, unless 
a special point is made of it, one does not get a very high efficiency 
even with direct-current machines for that power. I doubt whether the 
commercial direct-current 6- H.P. motor has over 0°75 efficiency. I think 
we should look at that question broadly. We should be thankful for 
what we have got, and remember that by being able to use alternate 
currents we can usually get our energy to the motor with less loss than 
with direct current. We ought to credit the alternate-current motor 
with something on that account. For example, in all cases where 
there is a high-tension alternate-current transmission and a transforma- 
tion by rotary converters, the то or 15 per cent. loss, or whatever it 
may be, in the rotaries ought to be set against the direct current. The 
causes of the lower motor efficiency are, I am sure, receiving Mr. 
Fynn's attention, and the attention of all makers of alternate-current 
apparatus. It is not only in this type of motor that there is room for 
improvement. None of the ordinary induction motors that are being 
sold in this country, either for one, two, or three phases, have as high 
an efficiency as they ought to have. "This is, I believe, a result of 
working to designs made abroad, where less attention is given to this 
point than is usual here. In many cases the losses are avoidable 
losses. With these alternate-current commutator motors there is the 
added difficulty of the loss under the brushes. But there is another 
point which I think, perhaps, deserves more attention than it has 
received. In these days of very high magnetic densities, when people 
work up to 20,000 B. and more, we ought to do what we can to reduce 
the iron losses. We can reduce them in two ways: by keeping our 
densities low—that means, of course, a larger machine generally, or at 
least a larger armature diameter—and by using thinner iron. This 
is a matter to which I have often drawn attention, but I fear without 
any effect. People seem to have made a stand against using any 
iron less than about No. 28—that is, about o'or4 inch thick. It is 
quite practicable to go down, for example, to o'or. I have here a curve, 
obtained from tests, giving the losses at 10,000 B., 50 со at various 
thicknesses. At o'oo8 inch the loss is І watt per lb.; at о026 inch, 
2 watts per lb. Those are the total losses of energy in hysteresis and 
eddies under transformer conditions. If we take the higher densities 
that are often used much higher losses occur. I think manufacturers 
should put pressure on the rolling-mill people to roll thin iron for this 
class of work. Even after allowing for the greater space taken by 
insulation, it will be found that the use of such iron effects an 
appreciable economy of energy. 

Mr. F. CREEDY : I have read Mr. Fynn's paper with the greatest 
interest, as I have been working for practically a twelvemonth in com- 
pany with the Rhodes Electrical Manufacturing Company upon exactly 
the same subject, viz., the production of a satisfactory constant-speed 
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single-phase commutator motor. We have encountered precisely the 
same difficulties as Mr. Fynn, and have sought relief in very nearly the 
same way. However, before discussing this, I should like to say a few 
words about the repulsion motor shown іп Fig. б. For the past ten or 
eleven months we have been employing motors of this type for lift 
work, converting them when running into induction motors by means 
of slip-rings in the usual way. We have not found it necessary to use 
a variable number of turns on the field coil S,, as one does not want 
several stops in the controller, and it is amply sufficient to design the 
field and transformer coils to give the specified torque while taking 
not more than the specified current. The controller is still further 
simplified if the field and transformer coils are left in series while 
running as well as while starting. This produces no ill effect, as it 
only shifts the transformer field through the angle a. I think Mr. 
Fynn’s figures for the starting torque represent very well the results 
we have been obtaining, erring if anything on the side of moderation, 
with the coils S proportioned for full-load running in series with $,. 


` With special designs, however, it is possible to get twice full-load 


torque with less than full-load current: or three, four, or five times full- 
load torque with two to two and a half times full-load current. While 
on the subject of starting torque, I must confess that I see no reason 
whatever why Mr. Fynn's series motor, Fig. 27, should have a torque 
greatly in excess of that obtainable by a proper design of Fig. 5. In 
Fig. 27 the field winding is on the rotor, and there is no leakage 
between the field and the armature circuit. This, of course, is an 
advantage in small motors, and is the obvious cause of the improved 
torque obtained with motor No. 3, which naturally, as an 8-pole 6- H.P. 
machine, will have a high leakage factor. In designing a suitable com- 
pensating arrangement for small motors, one has to consider these two 
practical points : (1) it is undesirable to use a complicated stator wind- 
ing requiring a complicated controller ; (2) on account of the small 
diameter of the commutator, one cannot have the brushes at small 
angular distances apart. "This necessitates the use of a wave winding. 
In small motors one need not use more than two brushes per rotor 
circuit. 

For these reasons an arrangement of five equally spaced brushes 
on the commutator was adopted. Now, five brushes at 72? have the 
unique property of being equally adaptable for 2, 4, 6 or 8 poles, as сап 
easily be seen on working out the spacing. The connections and con- 
troller for such a compensated motor are shown in diagram B. It can 
be started in one or the other direction by joining brush A to one of 
the opposite brushes C or D, the other two brushes B and E being 
open-circuited. When up to speed, B and E are joined to two of three 
tappings on the stator coil, producing a suitable E.M.F. for com- 
pensating, while A is joined to the remaining brush D or C. In 
practice these changes of connections are effected by a double pole 


two-way switch and a three-bladed centrifugal switch, practically the 


same controller being required as for the uncompensated motor with 
slip-rings. The results obtained with these motors are very similar 
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to those of Mr. Fynn. I think it might also be of interest to Offer Mr. Creedy 
a few remarks on the commutation of these motors, especially at very 
high frequencies. No difficulty occurs with the commutation of these 
machines, at any rate up to 20 H.P. We have used single-turn bar 
windings of the two-circuit type throughout, except in the smallest sizes, 
even up to 20 H.P. 100 cycles. This applies to a motor with slip-rings. 
We have as yet no experience of 20-H.P. 1oo-cycle motors without 
slip-rings, but do not anticipate any difficulty, as the starting period is 
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D 
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Fic. В. 


universally acknowledged to be the most critical, and a motor which 
will start up and accelerate under load sparklessly as the slip-ring 
motor does, will usually run sparklessly at full load. It has been our 
experience that such unmechanical devices as high-resistance com- 
mutator connections are quite unnecessary in any properly proportioned 
rotor. In small machines, such as those whose tests Mr. Fynn 
describes, one may take extraordinary liberties with the commutation. 
I have myself succeeded in getting good commutation on a 1°5-H.P. 
4-pole 50-cycle machine, having no less than six turns per commutator 
Vor. 80. 25 


Mr. Creedy. 


Mr. Jenkin. 


Mr. Hobart. 


374 FYNN: A NEW SINGLE-PHASE [ March 8th, 


section, though I do not recommend the practice. I have even used 
copper gauze brushes on several small machines of about this size. I 
think that Mr. Hobart is hardly fair to the designers of the new types 
of single-phase motor in asking for weights at such an early stage. The 
firm with which I am connected have not paid much attention to this 
point, being of opinion that until the type of motor is settled with some 
finality it is more profitable to confine one’s attention to the electro- 
magnetic design, rather than to design the intermediate types for light 
weight, although the methods used to lighten the polyphase motor are 
equally applicable to the single phase. 

Mr. С. F. JENKIN : I wish first of all to congratulate the author on 
the very clear way in which he has dealt with an exceedingly difficult 
subject, as well as on the ingenuity of the means he has used for 
improving the induction motor. I take it that the point of the paper 
is the improved induction motor. The author has given us a motor 
which has a larger output, a higher efficiency, a better power factor, 
and less sparking than has been obtained before. "This is a very great 
achievement. Although Mr. Fynn has mentioned it in his remarks 
to-night, I think a little more attention might have been drawn in the 
paper to the fact that the motor, as a repulsion motor, has all the 
defects of a repulsion motor at starting. Those defects are common 
to all commutator motors ; they are due to the transformer effect pro- 
ducing a current in the short-circuited coils. "Those defects, of course, 
exist in Mr. Fynn's motor exactly as in any other repulsion motor ; 
they are not serious, but they must not be forgotten. At the beginning 
of the paper the author claims that he can give to his motor a series 
characteristic as well as a shunt characteristic. I should be very much 
obliged if he would explain in his reply how that is possible. At the 
end of the paper the author makes a sudden complete rearrangement 
of his connections, as is shown in Figs. 27 and 28, the result being to 
get a compensated repulsion motor. It is the ordinary Latour or 
Winter-Eichberg motor ; it is a special arrangement without a trans- 
former. This is not alluded to in the paper, although Mr. Fynn men- 
tioned the fact in his remarks to-night. If the series characteristic 
motor which he promises us is merely the arrangement shown in his 
last figures, then there will be nothing new in it: it will be merely the 
ordinary compensated repulsion motor—a very good motor, but nothing 
better than those we already have. I hope he can promise us some- 
thing better. In this connection I may point out that Mr. Eichberg * 
in a recent paper has shown a connection of his compensated repulsion 
motor which will make it work as a constant-speed or shunt motor. 
I should be glad to know whether the author considers that his 
arrangement is better than Eichberg’s arrangement. It is difficult 
to compare the two without making actual calculations of the losses, 
but I am inclined to think that Mr. Fynn's motor will be better than 
Eichberg's motor. 

Мг. Н. М. Новавт: The author has given in his paper a great 
deal of information about his {уре of single-phase motor. There are, 

* Elektrotechnische Zeitschrift, 1904, vol. 25, p. 75. 
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however, two more points on which I should like some information. 
It seems a pity to disparage endeavours to get a good single-phase 
motor, for it is a very desirable end to attain. But we hear so 
much from the side of those who advocate single-phase motors, and 
so little from the other side, that it seems desirable to allude to certain 
difhculties. Mr. Mordey has spoken of a 6-H.P. motor which he tested 
at Basle which had 67 per cent. efficiency—that means 33 per cent. 
loss. The ordinary 6-H.P. polyphase or continuous-current motor 
would have something like 84 per cent. efficiency, or 16 per cent. loss. 
That is to say, the comparative loss is, in the single-phase motor, some. 
thing like double. Therefore, if the means of ventilation and tempera- 
ture rise. permitted are just about the same in both designs, the 
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single-phase motor must necessarily have something like twice the 
weight of the motor with the lower loss, whether it be continuous- 
current or polyphase. A motor of twice the weight would probably 
cost at least 50 per cent. more, and so until grcat improvements are 
effected we must make up our minds to pay something like one and a 
half times as much for a single-phase motor of a given output and 
speed as for a continuous-current or polyphase motor of the same out- 
put and speed. But we shall also have to put up with a less economy 
due to the lower efficiency. If higher efficiencies can be obtained, 
well and good; that will remove this difficulty. It is not at first 
obvious that great weight should be a fault in a motor. For stationary 
motors that would not, at first sight, seem to be of great importance, 
but from what I have said it is evident that great weight is closely 
associated with low efficiency. In the diagram (Fig. C) the upper 
curve is the single-phase motor of 1903, the very lowest curve is the 
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polyphase motor of 1906, and the curve next above it relates. to 
the continuous motor of 1906. The curve which is the third from the 
lowest is the polyphase motor of 1903. From what I have said it 
might be concluded that the 1906 polyphase motor is of far higher 
efficiency than the 1903 polyphase motor, because it has but half the 
weight. That is not the case. ‘That is due to rapid developments in 
the latest practice with regard to the ventilation of motors. If we 
assume that all designers will at any one period use about the same 
means for ventilation, then, when you compare motors of this period, 
the efficiency hangs together with the weight. 

The two points on which I should like further intormation are, first, 
the weights of some of the motors which Mr. Fynn has described in 
his paper, exclusive of slide rails and pulley, and, secondly, the corre- 
sponding ratios of these weights to the combined weight of copper and 
sheet iron, 2.е., of so-called “active” material. It would be of especial 
interest, also, if Mr. Fynn would give the weight of the 6-H.P. motor 
to which Mr. Mordey referred, and its rated speed, periodicity, and 
voltage. To better define the rating, the standard thermometrically 
determined temperature rise above surrounding air should be given, 
and this should correspond to the hottest accessible part when the 
motor is operated continuously at its rated load. 

Mr. I. L. LA COUR (communicated): Reference is made in the 
paper (Figs. 11, 12, and 13) to a new winding for compensated 
induction motors. This winding was tried by me in 1902,* but I 
abandoned it afterwards, since it would not give satisfactory results 
as regards compensating. I believe that this was due to the fact 
that the magnetising effects of the currents in the three legs of the star 
and those of the mesh (continuous-current winding) partly neutralise 
each other. On page 325 it is stated that a commutator motor as 
shown in Fig. 1 has all the characteristics of the asynchronous single- 
phase squirrel-cage motor. From my experience with this class of 
motors and with similar polyphase motors, however, I find a consider- 
able difference between their behaviour and that of an ordinary 
induction motor. Commutator motors of that type behave more as 
unexcited synchronous motors, and the current diagram is distantly 
situated from the origin. Such motors generally hum and vibrate badly, 
so that it is hardly possible to run them for any length of time. The 
difference in behaviour from that of the ordinary induction motors is 
due to the fact that the reactance of the rotor winding is far from zero 
when the rotor runs at synchronous speed. This is experimentally 
verified by exhaustive tests] carried out by the writer. In the paper it 
is further stated that motors connected as shown in Figs. 27 and 28 
give very good results as regards starting and speed regulation. This 
I have also found to be the case, and I took out patents (May 24 and 
November 21, 1904) on the use of an auxiliary winding (S, in the above 


* A provisional patent of this arrangement was taken out in August, 1902, by 
O. S. Bragstad and I. L. la Cour. 

+ “Theory of Commutation of Direct and Alternating Currents,” by E. Arnold and 
I. L. la Cour. 
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Figs.) for starting and speed regulation of compensated single-phase 
motors. The first experiments with such motors were carried out їп 
June, 1904. 

Mr. V. A. FYNN (in reply): I was particularly glad of the opportunity 
afforded in publishing this paper, of publicly acknowledging my 
indebtedness to Mr. Atkinson's pioneer work. А good тапу 
people who have worked on this particular subject have omitted to 
mention his name, and we all know that the first steps in a new direction 
are always the most difficult. I thoroughly agree with Mr. Atkinson 
that the rotary field theory has done a good deal to retard progress, 
and the sooner it is abandoned the better. The sketch he gave us of 
his early work and successes, together with the trouble he expericnced 
in securing patents, was interesting. With regard to this question of 
patents I have personally met with better luck, although it took me 
two and a half years to secure my main German patent, and, I think, 
eighteen months to secure my American one. I have had this advantage, 
that the examiners I have had to deal with were naturally very much 
better informed, and happily were willing to listen patiently to all 
necessary explanations. As will be seen from the introduction of my 
paper, I too had great difficulty in interesting people in these motors. 

The question of efficiency was mentioned both by Mr. Mordey and 


Mr. Hobart, and to a great extent Mr. Mordey's remarks anticipate апа. 


meet the objections raised by Mr. Hobart, so that my task is lightened. 
I will first of all answer as far as I canthe questions put by Mr. Hobart ; 
the motors, particulars of which I have given in my paper, are rated 
for a maximum temperature rise not exceeding 50? C. The net weights 
are 200 lbs. for motor No. I, 265 lbs. for motor No. 2, and 660 lbs. for 
the 83-cycle No. 3 motor. I am not in a position to give any particulars 
of the motor tested by Mr. Mordey. I was not present at the test, nor 
have I any means of identifying the motor, but I fancy it is one of the 
early experimental machines. In my paper I have given some data 
which do supply some of the information Mr. Hobart requires. I have 
stated, for instance, that the addition of the improvements described 
by me raises the output of an ordinary single-phase shunt induction 
motor by 3o to 40 per cent.; I add that the addition of these 
improvements also raises the weight of the motor at most by some 
IS per cent., because one of the end brackets has to be made larger, 
in order to accommodate the commutator and brush-gear which now 
becomes necessary instead of the lighter slip-rings, brush-gear, and 
short-circuiting device. This shows that the curve representing these 
new motors will fall below Mr. Hobart's single-phase 1903 curve. 
Then again, the data I have given were not obtained on motors in which 
the latest practice with regard to ventilation had been observed, so 
that further improvements can be anticipated in the immediate future. 
I trust very shortly to be in a position to publish full particulars of a 
new series of these motors. I cannot agree with Mr. Hobart that the 
efficiency of an ordinary commercial continuous-current motor of 
6 B.H.P. is anything like 84 per cent. ; it is much nearer 75 per cent., 
so that the comparative loss, even in the motor tested by Mr. Mordey, 
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is only 32 per cent. greater than that of a continuous-current machine 
of the same size, and not тоо per cent., as suggested by Mr. Hobart. 

I have made some 60-B.H.P. motors with an efficiency of 86 per cent. 
at full load, and this question of efficiency is at the present moment 
receiving my most earnest attention. I admit that I cannot hope to 
equal the efficiency of a corresponding continuous-current motor, 
mainly on account of the increased losses due to the alternating field 
permeating the whole frame of these single-phase motors (in most cases 
there are even two such fields), but I see no reason why such motors 
should lag by more than 5 per cent. behind continuous-current machines. 
Their weight efficiency will, I fear, also remain behind that of their 
continuous-current rivals, but all these differences will shortly be very 
much smaller than is now the case. When comparing a continuous 
with a single-phase commutator motor, it must never be forgotten that 
the former is in the prime of life, whereas the latter is only just out of 
the nursery. Ina great many cases the use of the continuous-current 
motor, even with its present acknowledged advantages, is quite out of 
the question, whereas the use of a single-phase motor of the type I 
have described offers a most satisfactory solution. The existence of 
such a machine does not sound the death-knell of any other type, but 
simply opens out fresh fields for the application of electrical energy. 

In his remarks about the starting performance of my motor, Mr. 
Jenkin is quite right. It does start as a “repulsion” machine, and if I 
did not dwell on the effect at starting of the E.M.F. produced by static 
induction from the motor field in the coil undergoing commutation, 
it is because I had nothing new to say on the subject. I have not 
found as yet any practical means for counteracting this E.M.F., and it 
is a difficulty which should occupy the attention of all designers, as its 
solution would be of immense advantage to all single-phase commutator 
motors. Мг. Jenkin persists in referring to a series induction motor as 
a “repulsion” motor ; if he will once see that the motor I have described 
has nothing in common with a true repulsion motor, he will also find 
that all the suddenness of which he speaks in connection with the 
rearrangement of connections, as shown in my Figs. 27 and 28, entirely 
disappears, and the whole matter resolves itself into a gradual alteration 
from a series to a shunt connection. The motor shown in Figs. 27 and 
28 is much more than a Winter-Eichberg machine. The only common 
feature is the means for improving the power factor when running as a 
series induction machine. The winding S, is a most important 
addition ; not only does this additional field winding enable the current 
taken by the motor on switching-in to be reduced to any desired extent, 
but it enables its speed to be regulated within the widest range without 
the use of any auxiliary transformers or the like. Now that, I contend, 
is most important from the point of view of the manufacturer as well 
as that of the buyer, for the price is thus greatly reduced. Then, again, 
under otherwise equal conditions such a motor will, with a constant 
line pressure, start with a greater torque than could be obtained with a 
motor such, for instance, as shown іп Fig. 14, because in Figs. 27 and 28 
the winding S, raises the voltage applied to the motor, and it is well 
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known that the torque increases with the square of the voltage applied. 
As regards the motor shown by Dr. Eichberg in the Elektrotechnische 
Zeitschrift of January, 1904, to which Mr. Jenkin refers, it is really a 
compensated shunt induction motor such as I have described in my 
paper, and which I had discovered and protected as far back as 1902. 
But it is worthy of note that Dr. Eichberg in 1904 failed to rccognise 
the real reason for the satisfactory operation of this motor as a shunt 
machine. If those who are interested will refer to his important paper 
in the Elektrotechnische Zeitschrift, vol. 25, 1904, they will find a 
diagrammatic representation of the motor in question on page 81, 
Fig. 63, and they will also find onthat same page, lines 22 to 39 inclusive, 
the short description of the motor, a translation of which I give. 
Referring to his series arrangement, Fig. 54, Dr. Eichberg says: “It is 
easily seen from Figs. 55 and 56 that the Е.М.Е.% across the exciting and 
stator circuits are of same or nearly same phase for all speeds. The 
reason for this is that with increasing speed E.M.F.'s are produced 
which reduce the difference of phase. It is therefore possible to derive 
the E.M.F.'s for the stator and for the exciting circuit from the same 
transformer ; the E.M.F. applied to the stator should be increased with 
increasing speed, whereas the exciting E.M.F. 
should be decreased. At synchronous speed, 
or іп its neighbourhood, onc only excites the 
motor with a few volts. The Fig. 63 shows 
this disposition. . . ." 

Now a study of the diagram in Fig. 55 
(Fig. 56 is only a simplified diagram of the 
same motor) together with the diagram of 
connections of Dr. Eichberg's series motor 
shown in Fig. 54 reveals the following. The 
line (0-3) represents Ey , the E.M.F. at the 


terminals of the stator winding, and the line 
(3-6) represents (e) the E.M.F. at the terminals 
of the series transformer and which is im. 
pressed on the exciting brushes, bb, of the motor. 
As can be seen from Dr. Eichberg's diagram, 
these two; E.M.F.s are really nearly of the Fic. D. 

same phase, and this apparently induces him 

to believe that by applying a co-phasal E.M.F. to the stator W, 
and to the exciting or field brushes bb, and deriving the two 
from the same transformer, he will obtain a motor with a shunt 
characteristic: I reproduce in my Fig. D his Fig. 65, with the addition 
of the letters just referred to. The fallacy of this conclusion is fairly 
evident. According to Dr. Eichberg's notation the flux produced by 
the stator winding W, is ф; this is the flux I refer to as the transformer 
field and which is co-axial with the brushes B B. Тһе exciting winding 
produces a flux F, which I call the motor field, and which is co-axial 
with the brush line bb. These two fluxes should admittedly be in 
quadrature in space as well as in phase. If, as Dr. Eichberg proposes, 
E.M.F.'s of same phase are applied along both axes, how can they 
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produce fluxes differing in phase by about 90°? What really happens 
is this: in Dr. Eichberg’s series machine it is the phase of the current 
passing along the brushes bb which determines the phase of the motor 
field, and not the phase of the E.M.F. (e) impressed on these brushes 
by the series transformer. As this current is nearly in phase with the 
E.M.F. Ew, which is responsible for the transformer field, the two 


fields will be nearly in quadrature as regards phase. If a motor with 
a shunt characteristic is required, then the motor field must be excited 
by an E.M.F. approximately in quadrature with Еуу. Such ал E.M.F. 


is produced at the brushes bb by rotation in the transformer field ф, 


and in Dr. Eichberg's diagram is represented by the line 2nk A ii. 


If these brushes are short-circuited this E.M.F. will supply a motor 
field of the correct phase, and we obtain the motor shown in Fig. 1 of 
my paper. This motor will have a shunt characteristic and a bad power 
factor. If an additional E,M.F. is included in this circuit, its phase 
being chosen equal or nearly equal to that of the E.M.F. responsible 
for the transformer field (here Ew), then the power factor of the motor 


will be improved in the manner I have described in my paper. "This is 
exactly what Dr. Eichberg has unwittingly done. He was evidently 
under the impression that he was imparting a shunt characteristic 
to the motor in his Fig. 63 by connecting the armature or stator winding 
and the field winding in parállel across the mains (as is done for the 
ordinary continuous-current shunt motor), whereas he was only thereby 
improving the power factor of the machine. Such an arrangement of 
course only works satisfactorily near synchronism. Ву varying the 
auxiliary E.M.F. (co-phasal with Ew.) which is impressed on the field 


brushes, a speed variation in restricted limits only can be achieved. 
The result of tests given by Dr. Eichberg in Fig. 64 naturally refers to 
a nearly synchronous speed. Dr. Eichberg derives the auxiliary or 
compensating E.M.F. from. a transformer independent of the motor 
itself, whereas I consider it distinctly more economical to derive this 
E.M.F. from the motor itself. There is of course no difference of 
principle involved, and I have in my patents mentioned all these 
variations. 

I cannot agree with Mr. Creedy when he says that it is not necessary 
to subdivide the 5, winding in Fig. 5. Mr. Creedy's contention that one 
does not want several stops in the controller will no doubt be readily sub- 
scribed to by the manufacturers : but what about the station engineers, 
who after all have to be considered ? I fancy they will greatly object, 
especially when they know that it is an evil with which they nced not 
put up. My experience is that a motor which is designed to stand an 
overload of some бо per cent.—as it ought to—will at starting take 
about twice its normal current if switched directly on to the mains. If 
Mr. Creedy's motors take less when treated in that way, it is because 
their overload capacity is less, or because he uses resistances in the 
brush circuit, for he says that he does not switch part of the winding 
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out after the motor has started. А current twice the normal on switch- 
ing-in is much too high. Then again, if he follows the same rule and 
tries to design his motor to develop, say, one half normal torque and not 
take more than the necessary current when doing so, he will find that 
unless he switches part of the stator winding out after the motor has 
started he will not even get full load out of the machine. It is such con- 
siderations as these which lead me to the design I advocate. Of course, 
if Mr. Creedy converts a motor started as in Fig. 5 into a shunt induction 
motor by short-circuiting the rotor by means of slip-rings, then I agree 
that, apart from the power of the motor, nothing will be altered whether 
he leavesS, in or not. My contention was clearly stated on page 332, line 
30 and following, and was to the effect that S, when left in had a 
detrimental effect in * shunt induction motors having their rotors short- 
circuited along two perpendicular axes," and I there referred to Figs. 3 

and 4, which show no revolving short-circuits as used by Mr. TM 
If he will try the experiment he will see that 1 am perfectly correct 
in all particulars. I have stated in my paper that when the winding 
S, was connected in such a way as to decrease the current in the 
circuit DD, then the power factor suffered, and if S, was reversed, then 
the power factor would improve slightly, but the current in the circuit 
DD would rise. My shunt motor and Dr. Eichberg's scries motor 
both labour under one great disadvantage, and that is this : the rotor 
in both machines has to carry not only the armature but also the field 
current. Now those who have designed continuons-current traction 
motors know that it is quite difficult enough under such conditions to 
get sufficient copper into the continuous-current armature, although the 
power factor in such machines is always unity and their efficiency is 
admittedly higher. This problem therefore becomes much more difficult 
їп the case of the alternate-current motor, in which therotor copper has 
to convey not only the armature but also the field current. Of course, 
the ordinary series induction motor shown in my Fig. 5 only carries 
armature current in the rotor, but then its power factor is bad. I 
trust shortly to be able to give full particulars of a motor combining 
the advantages of both types. The starting torque of the motor in 
Fig. 27 is increased as compared with that of the motor shown in 
Fig. 5 because S, boosts the voltage at starting. The improved torque 
obtained when running the motor connected as shown in Fig. 27 is not 
due to the absence of leakage suggested by Mr. Creedy, but simply to 
the fact that the power factor of the motor in Fig. 27 is very much 
better. By taking the stator current through the rotor in the direction 
of the motor-field axis an E.M.F. is included in the motor circuit which 
is practically opposed in phase to the E.M.F.'s of self-induction sct up 
in the various motor windings connected in series across the mains. 
The E.M.F. which is thus included in that circuit is the E.M.F. 
produced at the field brushes by rotation in the transformer field, and 
is of opposite phase to the latter. I do not quite see Mr. Creedy's 
point about spacing the brushes on the commutator when read in 
conjunction with his very correct statement that complications are 
undesirable. I never use more than four sets of brushes on my com- 
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mutators, and I fancy that surely is simpler than five sets. For all 
motors with an uneven number of pole-pairs the four sets can remain 
at 009, If Mr. Creedy prefers to switch his motors оп to the circuit 
without regard for the station engineer or the neighbouring light con- 
sumer, I can suggest a still simpler diagram of connections than his. 
The Figs. E, F, G, explain themselves ; the two first show the starting, 
and the third, Fig. G, the running connections. I do not suppose that 
Mr. Creedy believes he is introducing an innovation by deriving the 
compensating E.M.F. from an auto-transformer instead of a transformer 
with separate primary and secondary winding. There is, of course, no 
saving or any other advantage whatsoever in his arrangement, for the 
simple reason that the exciting current of such motors is always many 
times greater than the stator current, and therefore that part of the 
stator winding which is tapped to obtain the auxiliary E.M.F. must be 
either overloaded to the point of running the risk of burning it out, or 
it must consist of heavier wire. 'There can be no doubt that it is 
simpler to use a separate winding as I do, and to make it of a section 
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suitable for the duty it has to perform. I am not surprised that the 
results Mr. Creedy obtains are similar to mine : he obtains them on the 
same motor. Itis, as I have pointed out in my paper, quite immaterial 
along how many stationary axes you short-circuit such a motor, it still 
remains a shunt induction machine, and if you introduce the auxiliary 
E.M.F. by means of brushes midway between the short-circuited 
brushes, you improve the power factor in exactly the same way as 
has been described by me. The arrangement I use is merely the 
simplest and most effective of a great number of possible variations 
which do not depart from the spirit of the main idea. I wish it to be 
well understood that although I only read my paper in 1906, the motor 
therein described dates back to 1902. Now as to resistances between 
rotor winding and commutator segments, it is all very well for Mr. 
Creedy to.say they are not necessary, but he himself admits that he has 
no experience with such motors above 20 B.H.P. Let him try to build 
high-power slow-speed motors such as the 60-B.H.P. motor I have 
referred to, and then see what he can do in the way of avoiding spark- 
ing at high frequencies and without the use of resistances. 

It seems that Mr. la Cour has had most unfortunate experiences 
with these motors. The winding he refers to has also been patented 
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by me, and also in 1902; I have succeeded in obtaining very good 
results with it, and am satisfied that the patents are worth the money 
expended on them. The motors Mr. la Cour has experimented with 
must have been of a very poor design, for it certainly cannot be said 
that these motors suffer in any way from the disabilities mentioned by 
him. My motors run for any length of time as smoothly as ordinary 
induction motors, and this can be borne out by a great number of users. 
As to the E.M.F. of self-induction of the rotor, and I presume Mr. la 
Cour refers to the armature axis, that does not disappear in the single- 
phase motor, whether a squirrel-cage rotor or a commutator rotor be 
used. If Mr. la Cour means to compare these motors to polyphase 
machines, such a comparison is of course of no use whatever, as the 
two are totally different machines. I am glad that Mr. la Cour can 
agree with me at least as far as the good properties of the motors 
shown in Figs. 27 and 28 are concerned ; I suppose that these motors 
do not hum and vibrate badly, and can be run for any length of time. 
I wonder if the fact that Mr. la Cour has taken out similar patents at 
all accounts for a good deal of this improved behaviour, for in other 
respects they differ but little from those described in the earlier parts 
of my paper. 

In conclusion, I should like to thank you all, gentlemen, for the 
generous way in which you have received my paper, and I particularly 
wish to thank those gentlemen who have kindly taken part in the 
discussion. 

The PRESIDENT: Gentlemen, I beg to propose a hearty vote of 
thanks to the author for his exccedingly interesting paper. 

The resolution was carried with acclamation. 


Mr. Fynn. 


The 
President. 
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GLASGOW LOCAL SECTION. 


RECENT ADVANCES IN WIRELESS TELEGRAPHY. 


By |. ERSKINE-MURRAY, D.Sc., Member. 
(Abstract of Paper read December 12, 1905.) 


In the earlier part of the paper the chief systems in use were shortly 
described, and their methods of action discussed. Methods of dis- 
crimination between stations by the use of equifrequent electrical 
vibrators at the transmitting and receiving ends were explained, and 
instances given, the most striking example being that reported by Cap- 
tain Jackson, R.N., the exact details of which are as follows: The Vernon 
received signals from Poldhu, 180 miles distant, on one mast, and at 
the same time sent signals to a ship 50 miles away by a separate aerial 
on another mast about 200 ft. from the first. The receiving was quite 
unaffected by the sending. Various forms of responders or detectors 
were then described, and mention was made of some recently patented 
systems which have not yet come into commercial use. 

The Action of the Coherer.—The coherence of metal filings or surfaces 
was supposed at first to be due to electrical oscillations, and to be a 
test for their presence. I have never held the view that oscillations 
were necessary, believing that all that is required is merely an electro- 
static field or difference of potential which causes the particles to 
join up in chains as do iron particles in a magnetic field. 

That small particles do so in an electrostatic field has been shown 
by Robertson and others. When the ends of the particles come within 
a very small distance of one another a spark passes even if the voltage 
be low, and the welding takes place. The action is facilitated by very 
gentle intermittent mechanical shocks (tapping) just as in the case of 
iron filings in a magnetic field. Severe shaking, of course, prevents 
any chains from forming, or breaks up such as have been formed. 

The action of a filings coherer thus takes place in two stages—first, 
the movements of the particles, and second, the welding. 

That this view is correct has been amply proved by Dr. W. H. 
Eccles in an able experimental research which he. undertook at my 
suggestion. He has also deduced a mathematical theory of the action 
which fits the results of experiment, and invented a method for 
testing coherers in the laboratory without the use of telegraphic 
apparatus, 
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Transmitiers.—The electrical disturbance produced by the trans- 
mitter must be such that when it arrives at the receiver it produces, for 
however short a time, an appreciable difference of potential between 
the receiving aerial wire and earth.. If the time rate of change of 
potential in the neighbourhood of the receiver were slow, there would 
never be an appreciable difference between the aerial and earth, as the 
electricity would change its distribution very slowly as a minute current 
of insufficient magnitude to affect the receiver. A sudden change of 
potential is therefore necessary in order that a signal may be recorded. 
It is the horse-power which matters, not the total amount of 
work done. 

In the systems most in use at present, the method of obtaining this 
sudden and energetic discharge is that of Hertz, i.e., the spark. It 
is Hertz's method of obtaining a sudden and oscillating discharge that 
is the essential in wireless telegraphy, not the fact that free radiations 
may be produced thereby. An alternator would be quite as suitable if 
it were capable of giving proper voltage and frequency, and, indeed, is 
being used by Fessenden. 

Earth Connections.—When Marconi connected the lower ball of his 
Hertz radiator to the earth, he made the whole earth the lower ball. 
The earth and the aerial are the two conductors of the oscillator, which 
luckily is so unsymmetrical that it radiates very little indeed ; in fact, the 
oscillations simply spread from their point of generation over the two 
conductors. 

Under these circumstances he at once obtained signals at a much 
greater distance than he had previously achieved. Не had, in fact, 
introduced a conducting connection between the transmitter and 
receiver, instead. of depending on radiations through the non-conducting 
atmosphere. The elcctrical waves produced were no longer free, but 
were guided by the earth’s surface as an alternating current is guided 
by a wire. 

For the intense currents of very high frequency, which are used in 
wireless telegraphy, a good and widespread earth-connection is most 
essential. It is not necessary that it should be a conducting connection, 
however ; an inductive connection, in which the earth's surface plays 
the part of one plate of a condenser, is quite as effective for high- 
frequency currents. 

Wireless telegraphs may thus be divided into two large classes— 
(т) conductively earthed ; (2) inductively earthed. 

In the first class come practically all the systems mentioned except 
some forms of Lodge-Muirhead apparatus. 

In the Lodge-Muirhead station at Heysham the earthing is in- 
ductive. One large insulated plate is about 3 feet above the earth, 
the other plate is 80 feet above the first. Taking the average differ- 
ence of potential between the earth's surface and the lower plate as 
roughly one-half of that between the plates, we find that the dielectric 
current between the earth and lower plate is ten times as great as it 
would be through the spark-gap between the plates if the earth were 
not near. А conduction current in the earth's surface is thus induced 
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by the proximity of the lower plate, and the waves are guided by the 
earth’s surface as in conductively earthed systems. Radiations approxi- 
mately resembling on a large scale those used by Hertz would not be 
obtained by this transmitter unless it were placed at least 800 feet or 
more above the earth’s surface on a perfectly insulating support. 
Conversely, if Hertz had placed one end of his vertical oscillator within 
a small fraction of an inch of a horizontal sheet of copper, he would 
not have obtained free radiations, but a result which on the proper 
scale would resemble the transmission at Heysham. It seems probable 
that the inductive earthing in this case will prove as effective as an 
elaborate conductive system, and at the same time the advantages of 
a very persistent oscillator will be retained. 

The Limit of Distance in Transmission.—The propagation of a hemi- 
spherical electric wave, in which the lines of force have their ends 
on a conducting plane surface, has been investigated by Heaviside, and 
from a wireless telegraphist’s point of view by Blondel. Neglecting 
the curvature of the earth, the form of the wave is approximately 
the same as would be produced by removing the earth and putting 
another wire downwards from the spark-gap, this wire being equal 
in length to the aerial, and oppositely charged at every moment. 
If the electric waves used in wireless telegraphy retained this 
form we should find that the currents resulling from their action 
on the receiving aerial would vary inversely as the square of the 
distance. This does not, however, agree with Duddell and Taylor's 
measurements—the only definite measurements as yet published—of 
the variation of the received current with distance. They find * from 
experiments made between a station at Howth and H.M.T.S. Monarch 
in the Irish Channel, that the current at distances beyond ten or 
fifteen miles varies in almost exactly simple inverse proportion to the 
distance between the stations. This result admits of no question, the 
experiments having been carried out most carefully and with wonder- 
fully concordant results. We must, therefore, accept the fact and look 
for an explanation in some circumstance which modifies the hemi- 
spherical waves originally given out by the transmitter when they 
attain a radius of about ten miles. 

I find that there is an explanation lying ready to our hand, 
which is based, not upon theory, but on the well-ascertained facts of 
the nature of our atmosphere. Put briefly, it is as follows :—If the 
earth were surrounded by a spherical shell of conducting material it is 
a well-known fact that the waves would not die away in proportion to 
the square of the distance, but would vary, for moderate distances, in 
inverse proportion to the distance itself. Now, recent researches on 
aurora by Danish observers have proved that these occur sometimes 
as low as six miles above the earth's surface, and never at a greater 
height than sixty miles. An aurora is an electric conduction current; 
hence the layer of air between six and sixty miles above the earth is 
conductive. 

Here we have, then, the explanation of Duddell's law of variation 
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with distance. The approximately spherical wave given out by the 
oscillator rises till it touches the conducting layer, then becomes 
annular, and travels outwards with a wave-front the area of which no 
longer increases as the square of the distance, but only in proportion to 
the distance itself, since the wave is confined by the parallel conducting 
surfaces above and below. "Thus the only space-variation which causes 
diminution in strength is the increasing radius. Therc is, of course, in 
addition a frictional loss of energy which we shall consider later. 

If we take the curvature of the carth into account, and procecd 
to trace the variation of the wave-front at greater distances than those 
of Duddell's experiments, which only extended to sixty miles; we find 
from simple mathematical, or rather geographical, considerations that 
the radius of the circle in which the wave-front cuts the globe is directly 
proportional to the sine of the angle at the carth's centre subtended by 
the arc of the surface between the transmitter and the wave-front. 
This agrees with Duddell's law because for small distances sin @ is 
nearly equal to 0. For greater distances, however, the divergence 
becomes less and less, and at distances beyond 6,000 miles, i.e., beyond 
0 = ж/2, the waves converge, and the current should increase with 
distance. This is true on any theory, as the wave-front is becoming 
a smaller and smaller ring, continually converging from all sides’ 
towards the antipodes of the transmitting station. 


ASSN 


Fic. т. 


The equation for the received current is thus of the form :— 
C 


€ = . $ 
sin 0 


(A) 


where с is the received current, @ the angle defined above, and Са 
constant. | 

Fig. t gives a rough representation of the lines of electric force as 
they spread from the transmitter outwards. 

The above law of variation of the received current with distance is 
obviously not complete. We have so far supposed that the lowest 
layer of the atmosphere is a perfect dielectric, and that the earth and 
upper atmosphere are perfect conductors, 1.е., that no dissipation of 
energy is involved, the decrease of current being simply due to increase 
in area of the wave-front. 

We must now take account of frictional losses, in order to com- 


888 ERSKINE-MURRAY : RECENT ADVANCES ІМ (Glasgow, 


plete the law as far as possible ; though with the data at present available 
only a rough approximation can be attempted. It will be possible to 
amplify the equation when further measurements have been made, and 
to determine more exactly the functions and constants involved. 

The first indication of a true frictional dissipation of energy in 
transmission was found in Marconi's discovery that messages could 
be received at much greater distances during the night than by day. 
There cannot be much difference between the divergence variations by 
night and day, as the earth does not change its shape; this phenomenon 
has therefore to be explained by some difference in the electrical pro- 
perties of the transmitting media. Now the conductivity of the earth 
cannot be seriously altered by the sun’s rays ; the atmosphere, however, 
may be much affected. Cosmical Science has made many striking 
advances lately, and it is now practically certain that streams of electri- 
fied particles, resembling the cathode rays, are ejected from the sun 
with a very high velocity. These penetrate the earth’s atmosphere on 
the day side, electrifying it, and at the same time ionising it, thus 
rendering it more conductive. During the night equilibrium becomes 
slowly restored, and towards five o’clock in the morning a very marked 
minimum of atmospheric electrification has long been known to exist. 
The time at which signals go furthest thus coincides with a minimum 
conductivity of the lower lavers of the atmosphere, while greater con- 
ductivity of the lower layers during the daytime coincides with greater 
difficulty in transmission. 

Now an electric wave must have either an all-dielectric medium or 
a dielectric bounded by conductors; it cannot penetrate far through a 
conductor. Thus if all the atmosphere were conductive the wave 
would travel only a very short distance before being dissipated by 
resistance, and transmission to a great distance would be impossible. 
The conditions would be similar to an attempt to transmit current along 
a concentric cable with bad insulation between the conductors. The 
good insulation is just as essential as the conductors. We may take it, 
then, that during the night the lowest ten miles of the atmosphere is a 
good dielectric, while during the day it becomes slightly conductive. 

To obtain a rough estimate of the amount of this dissipation we 
may take Mr. Marconi's statement that 500 miles during the day is 
equivalent to 1,000 by night. The variation is not so noticeable at 
short distances, being in this case so very much less important than the 
divergence, though it is distinctly traceable in Duddell and Taylor's 
results. 

Let us assume that the law of divergence is that given above— 
Equation (A)—1.e., that the undissipated current would vary inversely 
as the sine of the angle between the places, or approximately, for the 
distances under consideration, inversely as the distance along the 
earth's surface. 

We then have Duddell’s law— 


С х D = constant 


where C is current received, and D is distance between the stations. 
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Now assume as a first approximation that there is no dissipation 
at night; then the current lost, by divergence only, between соо and 
1,000 miles at night is all spent by dissipation during the day before 
500 miles is reached. Again, the divergence alone between 500 and 
1,000 miles would reduce the current to one half, since 1,000 is twice 
500. Therefore the current at 500 miles during the night is twice the 
current which will just work the receiver. The current lost by dissipa- 
tion during the day throughout 500 miles is therefore equal to that 
which will just work the receiver. We have thus obtained an approxi- 
mate value of the dissipation from Mr. Marconi's experiments. If we 
call the minimum working receiver current of Mr. Marconi’s receiver М, 
then the current lost through dissipation is roughly M/Şoo per mile. 

This dissipation is no doubt a function of the distance, the form of 
which I hope to be able to determine later. It is also, of course, a 
function of the state of the atmosphere, as regards electrification, and 
varies from a minimum in the very early morning to a maximum in the 
evening. In the meantime we may take М/5оо as a rough approxima- 
tion to its average mid-day value, under the circumstances considered. 

The approximate equation c= С/ѕіп Ө for propagation of signals 
then becomes— 


c= n0 соо 4 кш a YE B) 
where— 
c = received current, 
C =a constant, 
M = minimum current which will actuate receiver, 
d == miles distance, 
and — 


6 == angle subtended at centre of earth by arc d. 


Now since d/3500= 0, approximately, since the earth's radius is 
3,500 nautical miles, .*. 4 = 3,5000. 

To determine C from (A) we notice that c =C, if sin 0 = 1, i.c., if 
0= т/2. С is thus the value of с at 5,400 nautical miles, or an earth 
quadrant from the transmitter during the night, i.e., when no dissipation. 
We may state it as С = АМ if we like to take M as a unit, i.e., the 
undissipated current at 5,400 nauts. is & times that necessary to work 
the receiver. 

The equation then becomes— 


k 
c=M (axo 6) Ko edu i es x (C). 

To find the limit of distance with any given power we must 
have c = M, i.e., the current at the receiver is just the smallest possible 
working current. 

The equation (C) then becomes : 

k 
I Gnd — 7 Ou. 505 wow "T" (D) 
ог-- 
k — 51п 0 (70 + 1) =0. . . . . (D) 
VOL. 86. 26 
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The number seven in this equation is only a rough approximation, 
suitable to the case under consideration. It should properly be 
replaced by some function of Ө. | 

Let us now consider Duddell and Taylor’s results for shorter 
distances in the light of this explanation. | 

Remarking on the slight decrease in the product C x D at long 
distances, they suggest reflection from the Hill of Howth as a cause, 
mentioning that another possible, but apparently less probable, explana- 
tion is that the cross-channel runs were made in damp, misty daylight, 
while the up-and-down channel course was made in the night and 
early morning with a clear frosty atmosphere. To me this latter sug- 
gestion is far more probable than the first. We know that such a 
difference exists from Marconi’s results. It is worth while to attempt 
to derive it from Messrs. Duddell and Taylor's measurements. We 
may take from their curves the following data, comparing the day and 
the night experiments. 


(1) Night. | 
“MONARCH” COMING SOUTH TOWARDS HOWTH. 

Distance off Howth КЕ 18 а 36 Miles 
Cx D ... 3850 ... 3820 Micro-amperes 


x Miles. 


Thus at 18 miles the current was 214 mA., and at 36 miles 106'1 mA. 

Now, by divergence alone the current would at 36 miles have been 
one half that at 18 miles, 1.e., 107 mA. The dissipation loss is thus 
о mA. in 18 miles, or roughly 0:05 mA. per mile on 214 mA. 

(2) Day. 

Іп а similar way we may obtain by averaging curves, representing 
the same quantities on the voyage to Holyhead and back during the 
day, the value 7:2 mA. lost between 30 and бо miles off Howth. This 
amounts roughly to о'24 mA. per mile on a maximum current of 120 mA. 
Reducing the result given in (1) to suit this maximum current, we see 
that the dissipation by night is to that by day in the ratio of about ‘025 
to “24, i.e., the dissipation during the day is approximately ten times as 
much as at night. | 

Messrs. Duddell and Taylor attempted to measure the day and night 
variation between Howth and Kingstown, but did not find as much as 
т per cent. difference. This was natural, as these points are only about 
six miles apart, hence the total dissipation was very small in both cases. 
The difference of the values for night and day which I have deduced 
above would barely amount to 1 per cent. of the total in five miles. 

Comparing the value of the dissipation determined from Marconi’s 
experiments with that obtained from Duddell and Taylor's, we find that 
they are of the same order of magnitude. Nearer than this we cannot 
at present go, since the minimum working current of Marconi’s long- 
distance receiver is not known. 

In the present communication it is impossible to develop the 
subject further ; I hope, however, that I may have an opportunity later 
of amplifying and substantiating the main framework of the theory 
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which I have given. Doubtless it is very rough, and in many parts 
incomplete, but it will, I hope, form a foundation for a more thorough 
explanation of wireless telegraphy. 

It has been shown experimentally by J. J. Thomson that the con- 
ductivity of rarefied air, at a certain pressure, for electrodeless dis- 
charges, is as great as that of a 25 per cent. solution of sulphuric acid, 
and that a layer of such air half an inch thick forms a perfect screen 
for electric waves. A layer of air at this pressure must exist in the 
atmosphere at a very moderate height. 

The same experimenter has also proved that there is a critical 
pressure at which the air becomes conductive. Under greater pressures 
it is practically an insulator, and at smaller pressures a good conductor. 
The commencement of the conducting layer in the atmosphere is thus 
sharply defined. 

If an electric wave be a cylindrical shell of constant height between 
parallel conductors, the surface density, and thus the displacement and 
electric force, will vary inversely as the diameter of the cylinder. The 
energy per unit volume varies as the product of these quantities, and 
will therefore vary inversely as the square of the diameter, and be 
uniform throughout the shell. In the case of a hemispherical wave of 
the type considered the distribution of energy is not uniform. At the 
base the limiting form of the wave is cylindrical, as in the previous 
case, and its energy is the same, while in the vertical line through the 
origin the energy is zero. Either type of wave will therefore agrec 
with the results obtained by Duddell and Taylor, but the facts as to the 
conductivity of the upper atmosphere, and the variations in dissipation, 
noted above, аге in favour of the cylindrical theory. 


DISCUSSION. 


Professor Е. С. BAILY : I have recently drafted out some views оп 
the subject of insulated ground plates, and being now forestalled in the 
matter by Dr. Murray, with whose views I thoroughly agree, I will 
content myself with a few words in amplification of the paper. I am 
of opinion that the recent discussions about insulating the carth plate 
arc quite beside the mark. Oscillations or reversing charges set up in 
an insulated plate, the distance of which above the ground is much 
less than the diameter of the plate itself, must necessarily be repeated 
by induction very completely on the surface below, unless the latter is 
of unusual dryness. Hence such a plate will be substantially equivalent 
to a plate in efficient contact with the ground. If the earth contact is 
poor, there will be part conduction and part induction, or the phenomena 
of a leaky condenser. Energy will be wasted in the resistance of the 
conducting path, and the efficiency of the transmitting system will be 
diminished. This appears to me to be the explanation of recent 
experiments that have been published. Attempts have been made to 
prove from the above phenomena that these waves are purely air-borne 
Hertzian waves, since contact with the earth may be actually harmful, 
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but it does not appear that any such deduction can be made. Earth 
transmission can be as easily brought about by an insulated ground plate 
as is submarine cable signalling through the terminal condensers. І ат 
in accord with Dr. Murray that the earth plays some part, and perhaps 
an important part, in the transmission of signals, especially over long 
distances; but crucial experiments on a suitable scale are difficult for 
a private individual, and calculations of decrement are unreliable. The 
author's proposal to press the upper layers of the atmosphere into the 
service is both ingenious and daring, but in view of the scantiness of 
our knowledge, both of the upper layer and of the phenomena of long- 
distance wave transmission, criticism of the theory is hazardous. The 
lines of force due to the travelling charges cannot, I think, be arranged 
satisfactorily without the assistance of the conducting upper layer. If | 
the latter exists with this assumed conductivity, it will not only retain 
in our atmosphere the waves of mundane origin, but will screen us from 
waves due to outside sources. 

Professor A. JAMIESON : I would like to show and explain the circum- 
stances under which the exhibited original Kelvin siphon recorder and 
Morse tape signals were received by Mr. Maskelyne. These inter- 
cepted or trapped signals were picked up some 40 milesfrom Poldhu by 
Mr. Maskelyne's own receiver, although not intended for him, but for 
Mr. Marconi, who was on a voyage to Italy. No doubt means have 
been devised, since these signals were received, for preventing outsiders 
intercepting or receiving readable signals between friends, but are 
these means thoroughly successful under all circumstances ? 

Mr. SaM Mavon: Can Dr. Murray state the amount of power 
necessary to transmit signals across the Atlantic from the tower at 
Machrihanish ? 

Dr. ERSKINE-MuRRAY (in reply): With regard to the dryness of 
the land, I may say that in Damaraland the Germans have five stations 
working, and they have been increasing the number of their stations 
for the last two or three years. They had at first great difficulty as 
regards the earthing, but have overcome this by using an inductive 
earth. Damaraland is perhaps the driest tract in the whole world. 
They have five stations over a total distance of 680 kilometres, and are 
keeping their communications entirely open. With regard to Professor 
Jamieson's remarks, there is no doubt that Mr. Maskelyne intercepted 
signals, and that there was no difficulty in tuning his apparatus to pick 
them up. Ido not think that anyone would say that one cannot pick 
up signals, but it is better to arrange that one does not. Any number of 
stations can be arranged so as not to interfere with each other, but if 
one is intent on picking up somebody else's signals it can be done, just 
as in wire telegraphy, though not so easily. I have no exact figures 
with regard to the power in the Transatlantic stations, but I understand 
that from 60 to 80 H.P. will be used at Machrihanish, although this is 
practically a guess. I believe there is to be 200 H.P. in Marconi's new 
Transatlantic stations. 
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TWO NEW ELECTROLYTIC METERS. 


By S. H. HOLDEN, Member. 
(Paper read December 13. 1905.) 


ELECTROLYTIC meters may be divided into two classes: those in which 
the whole current passes through the electrolyte, and those which are 
shunted by a metallic conductor. The former are of the simpler 
construction and theory, but practical considerations render the latter 
class the more desirable generally. The two meters to be described 
are both developed from the oldest and simplest form of electrolytic 
meter, viz., the gas voltameter employed by Faraday, but one belongs 
to the unshunted and the other to the shunted class. 

Taking the simpler, or unshunted pattern, first. In all full descrip- 
tions of the use of the old gas voltameter, certain inherent errors and 
defects are referred to, such as the formation of persulphuric acid and 
ozone, which vitiate the measurements, and the troublesome necessity 
of making allowances for temperature and pressure when determining 
the volumes of the evolved gases. The chemical defects are partly 
overcome by using phosphoric acid as electrolyte with platinum elec- 
trodes, or, better still, caustic soda solution with nickel electrodes, as 
suggested and used by Oettel. In order to overcome the difficulties 
of gas measurement Bunsen suggested that the electrolyte should be 
weighed and its loss of weight used as a measure instead of the volume 
of the evolved gases. It is Bunsen’s suggestion which has been 
embodied in the first of the meters. As early as the year 1882 elec- 
trolytic meters were suggested in which an electrode was suspended 
from a spring balance, its alteration in weight being indicated thereon, 
and the dial of the balance being graduated in ampere-hours or other 
units. Of recent years spring balances for commercial purposes have 
been brought to considerable perfection, and it was felt that they were 
sufficiently reliable for the purposes of an electricity meter. 

Fig. 1 shows in diagrammatic form the working parts of a meter 
constructed on what may be called Bunsen’s plan. A is a thin iron 
vessel with an ebonite lid. Within this vessel is a solution of caustic 
soda and a pair of sheet nickel electrodes, BB. A small hole is left in 
the lid for the escape of gas. The whole vessel is supported upon four 
springs, two only of which are shown, and marked C*. Attached to the 
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front of the iron vessel is a light rack, H, working into a pinion, F. 
This pinion carries a hand or pointer moving over a graduated dial. 
Part of this dial is broken away to show the gearing more clearly. 
Guide levers aaaa attached to the case and to the top and bottom of 
the iron vessel ensure its remaining central. Light flat springs, JJ, 


— = 


2222052. EN 
Миша 7 


| | 
i i 
5 ; ! 
=, ҮК i e 4 о 
AN x | | i ҳа 
„ДАК N | $ х 
СЕЗ | : i | 
SD 
SS | (1 2 ! І 
| ot : | | 
! ' Е F | | © 
| i %: i 
Peru áp 
ta V [SM Uu! [ 
| «6994 ы сеат 
1 | i ! 
EN 1 
! 
! і} i} l 
۱ Е HE | 
| | ! tc 1A 
= к TN! = 
ie ip B i | B y = 
= : Ее 
=" n | | 7 = 
d = 
=P Wu = 
— 


ы Be ФУ ФӘ = ШМ a =» Р «0 ЧӘ ee 


N 


carry the current:from the! fixed terminals to the electrodes. The 
meter shown is intended for a current of 5 amperes, and the capacity 
of the vessel is such that current equivalent to 400 units at 200 volts 
may be registered before the meter requires refilling. The solid caustic 
soda to form the electrolyte is placed in the vessel A as soon as the 
meter is made; it is therefore only necessary to fill the meter with 
water when required for use. Since the electrolysis of a fixed weight 
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of water corresponds to 1 unit, the accuracy of the mcter may be 
ascertained by placing upon the vessel a brass weight which is equiva- 
lent to the amount of water that would be electrolysed by, say, 100 
units at the required voltage, and then seeing that the pointer moves 
over тоо divisions on the scale. Calibration of the meter in the first 
instance may be effected cither by varying the strength of the springs 


or by using dials having fewer or more divisions in the circle, or 
by varying the number of teeth in the pinion. When a fairly large 
number of units has been registered, say зоо, the reading is noted, and 
water again poured in until the hand stands at zero on the dial ; regis- 
tration can then go on as before. The actual weight of the vessel, 
when filled, is about 4} lbs., and about 14 lbs. of water may be removed 
by electrolysis before refilling becomes necessary. This would corre- 
spond to a total registration of 400 or 500 units. Fig. 1a shows the 
complete meter. 
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A meter such as the one just described is subject to the limitations 
and defects of its class, viz., relatively large fall of potential at all 
loads, considerable ‘bulk, and the necessity of occasional refilling, On 
the other hand, it is accurate, simple, and easily handled. It also fulfils 
an object which was held in view when designing it, viz., the produc- 
tion of an electrolytic meter which contained no glassware and 
required no handling of chemicals. A number of meters of this kind 
have been made, and have worked satisfactorily as regards registration 
over a considerable period, and also the dial hands have remained 
perfectly stationary during a long period of rest, showing that no 
change in the electrolyte or springs took place. 

It would obviously be fairly easy to include a ratchet-and-pawl 
arrangement in the counter of a spring balance meter, so that the regis- 
tration went forward continuously instead of the hand being set back 
to zero at each refilling. One of the main objections to electrolytic 
meters could thus be eliminated. 

A modified form of spring-balance meter has also been made, in 
which change in the specific gravity of an electrolyte (produced by 
electrolytic removal of water) is registered upon the dial through the 
medium of a submerged float. 

Although it is hoped that the meter just described may be of prac- 
tical utility, it is not of special theoretical interest. In the one that 
follows, however, an electrolytic process has been employed which the 
author believes to be new, and which he therefore hopes may be 
of scientific as well as practical interest. 

The previous meter possessed the great practical advantages of a 
simple electrolytic process, and one for which the materials of electro- 
lyte and electrodes may readily be obtained in a state of purity. An 
attempt was therefore made to enable such a meter to be shunted 
without at the same time introducing fatal complications. For a meter 
to be shunted, the first condition is that the current passing through it 
is exactly proportional to the difference of potential between its termi- 
nal electrodes ; for this is the law governing the current passing 
through the metallic conductor constituting the shunt. Hitherto this 
condition has only been realised when the anode consisted of a metal 
which was dissolved while the same metal was deposited on the 
cathode, the metals employed in commercial meters being zinc, 
copper, and mercury. In order that a gas voltameter may conform to 
this rule it is necessary that gas should dissolve at one electrode and 
reappear at the other. А solid hydrogen anode cannot be made, but 
the equivalent of one may be obtained by using a mass of spongy 
platinum saturated with hydrogen; and if this anode is only partly 
immersed in the electrolyte and the remainder is exposed to an atmo- 
sphere of the hydrogen, sufficient gas will be absorbed and transfused 
to replace that which is dissolved away. Fig. 2 shows the arrange- 
ment in its simplest form. A and C are electrodes of platinum in 
dilute sulphuric acid contained in the vessel S. They are thickly 
coated with platinum black, and are only partly immersed. Above 
the electrodes is a sealed space, H, full of hydrogen gas. In such 
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an arrangement the smallest difference of potential (say yàg of a volt) 
will cause a steady and continuous current to pass between the elec- 
trodes; hydrogen is evolved at the cathode, but no oxygen at the 
anode. Instead, the exposed surface of the anode absorbs hydrogen 
from the store above it, which combines with the oxygen as fast as the 
latter is produced. This arrangement is therefore comparable to a 
copper or silver voltametcr in which the same metal is dissolved at the 
anode as is deposited at the cathode. 

It will be seen that (within limits) it is possible to pass a current 
continually through an electrolytic vessel arranged as above without 
effecting any alteration in the volume or disposition of the electrolyte, 
the enclosed gas, or the electrodes; it may, in fact, be hermetically 
sealed up and used for an indefinite time. 

If the electrolytic vessel thus sealed up is divided into two compart- 
ments, so that the gas evolved at the cathode does not immediately 


FIG. 2. 


return to the general store, then the volume of the former may be used 
as a measure of the current passed, and being sealed up, its volume is 
not affected by changes of external pressure or temperature. Aftera 
certain amount of gas had been thus transferred from the store to 
the measuring tube, and the latter had become full, it would be 
necessary to return this gas to the store. This can be done by tilting 
the tube down, by which process it is re-filled with liquid and readyfor 
a fresh start. 

As explained above, the current passing through a meter of this 
type is proportional to the difference of potential between its 
electrodes, provided this current does not produce oxygen faster 
than the platinum anode can absorb hydrogen to combine with it 
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This condition is easily realised in practice. This property enables the 
meter to be shunted ; a very small portion of the total current to be 
metered need be passed through it, and the amount of gas evolved during 
one or two years’ service can be reduced to a quantity easily contained 
and read off in a graduated tube. 


aa AA ANA а: 


FIG. 3. 


The volume of gas settled upon for this purpose 1s about 14 cubic 
inch, and is measured in a graduated glass tube ү; іп. internal diameter 
and 15 in. long. The scale is graduated into 300 divisions one milli- 
metre apart—large enough to be read easily—and each division 
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corresponds to about 5 ampere-hours passing through the meter ; that is 
to say, one Board of Trade unit at 200 volts. To produce this volume 
of gas for the passage of 300 units, only one fifty-thousandth of the 
total current passes through the electrolyte, and an area of about one 
square inch of platinum anode is sufficient. The fall of pressure 
through the shunt of the meter is 1 volt at full load, so a resistance coil 
of 10,000 ohms is included in series with the electrolyte. This coil 
has the same temperature cocfficient as the shunt, so that no 
temperature error exists from this cause. The added resistance 
coil being so large the resistance of the clectrolyte is quite 
negligible. 

Fig. 3 shows diagrammatically the essential parts of the meter in 
what is practically both its first and its final form. It consists of a 
vertical tube with bulb attached. C is the 
cathode—a platinum wire. А is the anode 
of sheet platinum, both coated with plati- 
num black. Sisthe electrolyte, and H the 
store of hydrogen. К is the resistance 
coil, equal to about 10,000 ohms. T the 
shunt, which in a 5-ampere meter has а 
resistance of 0'2 ohm. 

To start the meter, it is held with the 
tube nearly horizontal and below the bulb. 
All the gas then collects in the bulb, while 
the tube fills with electrolyte, which remains 
in it after it is restored to the vertical posi- 
tion for use. When a current is passed 
through the shunt a steady fine stream of 
gas bubbles rises from the cathode, gradu- 
ally replacing the liquid in the tube. 

Great care has bcen exercised, both in 
the experimental and in the complete 
meters, to use only pure materials. The 
hydrogen gas is produced from pure zinc 
and pure sulphuric acid, and is well washed 
before passing into the meters. Only риге 
acid and distilled water are used for the 
electrolyte, while the electrodes are treated 
with strong nitric acid and are well washed 
after being coated with the platinum black. 

The process of filling is as follows : The 
short tube B (Fig. 3) is left open when the 
vesselis made. "This tube is connected by 
indiarubber pipes to an air-pump, toa reser- 
voir of hydrogen, and to a vessel contain- 
ing dilute sulphuric acid. Cocks are arranged on each pipe. Тһе air is 
first removed by the air-pump and hydrogen gas then admitted ; this, 
in turn, is exhausted out, and then the sulphuric acid is allowed to 
flow in to the properlevel. Finally hydrogen gas is again admitted to 
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fill up the remaining vacuum ; the tube B is then sealed off in a blow- 
pipe flame. 

Experiments have been made with various electrolytes, but none 
give such good results as a то per cent. solution of sulphuric acid. 
Phosphoric acid is perhaps the next best. With solution of caustic 
soda and with hydrochloric acid there is a deficiency of gas produced, 
possibly owing to anode products getting across to the cathode ; while 
solution of sodic sulphate had a certain amount of back electromotive 


+ (9 


= 
aa 
г 
= 


MENS 
need 


FIG. 5. 


force which destroyed the accuracy with small currents. Anodes of 
palladium, and also cathodes both of palladium and gold, have been 
tried, but none appear to equal the platinum. It is remarkable that the 
material of the cathode is almost as important as the anode, only 
platinum well coated with platinum black being satisfactory. These 
facts seem to be connected with the phenomena of electrode excess 
potential, some account of which is given by Lehfeldt.* No very 


* Dr. К.А. Lehfeldt, “ Electro-chemistry," Part I., p. 176. 
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satisfactory explanation, however, is given of the cause of this, and 
perhaps there is scope for further research on the subject. Meters 
have been tried in which a porous partition was interposed between the 
anode and cathode. This was formed of a layer of fine white sand, 
which always collected in the bend of the tube when the meter was set 
upright. Such meters gave very good results, but so far have not 
proved themselves superior to the others, 

In one case an anode was tried so arranged that one side of the 
platinum sheet composing it was exposed to the solution and the 
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other side to the gas. In this case the hydrogen would have to pass 
actually through the sheet to get to the electrolyte, instead of creeping 
over the surface as in the other meters. The behaviour of this meter, 
however, proved that practically no gas did get through, and it was 
useless. 

Some experiments have been made of passing alternate currents 
through these meters. It is well known that the ordinary gas volta- 
meter will evolve gas with alternating currents, but the amount 
produced is dependent very largely upon the current density and the 
frequency of alteration. So far as the experiments have gone, the 
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same may be said to be true of the evolution of gas by alternating 
currents in this meter ; and no novel feature in this respect has been 
noted. 

Fig. 4 is a front view of a complete meter with the case closed, and 
Fig. 5 a side view of the same meter, having the tube tilted forward for 
resetting to zero. Ап incidental advantage of the design chosen is that 
almost the entire height of the meter is available for the scale, there 
being very little lost space either above or. below. 


Percentage errors. 


EREN 
“Amperes. 


FIG. 7. 


Fig. 6 shows curves taken over long runs, the electrolytic meters 
being tested against a motor meter, whose accuracy was checked for 
each load. The ordinates represent the actual ampere-hours passed 
through the meters and the abscisse the amounts registered. The 
space is divided by horizontal lines showing the actual current passing. 
If the meters were perfect, each curve would be a straight line, and 
departure from this indicates that they are fast or slow for a 
particular strength of current. It will be seen that these meters are 
capable of giving very good results, as shown by Curve A. In Fig. 7 the 
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curve is drawn in a morc usual manner, the ordinates being percentage 
errors and the abscissz current; the data were, however, obtained 
from long time-tests, as the others. A curve of a bad meter (marked В) 
has been included with cach for contrast, the difference being produced 
by the use of a polished cathode in the bad onc. 

Electrodes of platinum saturated with gas were employed in 
Grove's well known * gas battery," which was a kind of storage cell ; 
similar electrodes have also been employed by recent expcrimenters 
for the purpose of measuring differences of potential between metals 
and electrolytes. Some account of these uses may be found in 
Arrhenius’ * and in Lehfeldt's books on electro-chemistry, who give 
also references to original papers. So far as the author is aware, how- 
ever, no use has hitherto been made of an electrolytic process involving 
the continuous absorption and solution of gas at one electrode and its 
evolution at the other. As the process, therefore, seems to be novel, it 
is hoped that uses may be found for it in other directions besides 
electricity meters. 

The author desires to express his indebtedness to Messrs. R. 
Prosser and W. S. Sprague, of Chamberlain & Hookham, Limited, for 
their skill and patience in preparing apparatus and making experiments ; 
and to Dr. Findlay for suggestions and advice. 


DISCUSSION. 


The CHAIRMAN (Professor К. Threlfall, F.R.S.): I consider Mr. 
Holden's discovery as being the first practical application, so far as my 
knowledge gocs, of Helmholtz's chemical investigations on the electro- 
lysis of water and allied subjects. (Sitzungsberichte d. Akad. Wiss., 
Berlin, 1883 and 1887; and Monatsbericht d. Berl. Akad., 1873, p. 584; 
Pogg. Ann., 150, p. 483 ; Physical Society, London, “ Physical Memoirs," 
vol. i. part 1.) 

Mr. Holden's invention is of peculiar elegance, and I trust that it 
will work as well in practice as it appears to promise to do. But 
might it not be possible for the readings to be falsified if one limb 
were at a higher temperature than the other? For in this case the 
concentration of the hydrogen solution would be different in the two 
limbs, and, as a result of diffusion, there might be a continuous 
solution of the frec gas on the colder, and a corresponding evolution 
on the warmer side. Is there not also a temperature coefficient of 
the resilience of the springs in the first form of meter described, 
which might lead to temperature crror ? 

Mr. К. A. Снаттоск: I consider that the advantages claimed for 
the first meter described over those in comparison with other electro- 
lytic meters, of a similar type, are rather overestimated. The chief 
improvement scems to be that the materials used in the construction 
of the meter are strong and that no glass is employed. The fact 
that it is a simple matter to test the accuracy of the meter is also a 


* Svante Arrhenius. “A Terl-bovk of Electro-chemistry." Translated by Dr. J. 
McCrae. 
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distinct advantage. І assume that the drop of potential is about the 
same as in other meters of a similar type. 

The second meter is a very interesting departure, and should, I 
think, prove successful in practical use, though time, of course, is 
required to demonstrate this. I should like to know if it is necessary 
to coat the electrodes with a certain definite quantity of platinum black, 
also whether any alteration in the condition of the electrodes is noticed 
after being in use for a considerable time, such as the peeling off of the 
platinum black, which is likely to affect the action of the meter. It 
would be interesting to know what would be the effect of a short- 
circuit on the meter and whether there would be any possibility of the 
glass tube bursting on account of the rapid evolution of gas. | 

Mr. M. J. E. TILNEY (communicated) : I am much interested in Mr. 
Holden's paper, not in any way as a manufacturer or from a scientific 
point of view, but merely as user. There are one or two points on 
which I should like to ask Mr. Holden if he can give us any informa- 
tion. First, as regards price. I imagine that this meter should be 
capable of being manufactured fairly cheaply, as I think it will be 
generally expected that unless a considerable economy from the cost 
point of view can be shown, electrolytic meters are not likely to be 
taken up. Then, dealing with the technical points of the meter, is the 
platinum black with which the electrodes are coated a permanent 
coating, or could it possibly deteriorate ? From the particulars given in 
Figs. 6 and 7, it would appear that the polishing of the cathode pro- 
duces most disastrous results, particularly at about one-fifth full load. 
What is the effect of polishing the anode, and is there any fear that 
this platinum black will in course of time, say four years, become 
changed in its character, and thereby affect the accuracy of the 
meter? It would have been interesting if Mr. Holden had shown us on 
Figs. 6 and 7 the accuracy curves of a Chamberlain and Hookham 
meter of about the same size. 

Another important point, which Mr. Holden does not mention at all, 
is how he proposes to deal with meters of larger capacity. 

Also I should much like some information as to what effect over- 
loads would have on this meter, and what its accuracy would be on 
overloads. This is a matter of some importance, as, I believe, most of 
the electrolytic meters at present on the market are not considered to 
be suitable for use on a circuit where they are likely to be considerably 
overloaded even for short periods. "There is one other point which is 
not brought out in the paper, and that is as to the accuracy of the 
meter on very low currents; and if Mr. Holden could give us any 
information as to the accuracy which might be expected with the meter 
in use on a 240-volt circuit, with, say, one 8-c.p. lamp, I feel sure it 
would be of interest to supply engineers. Опе would be rather 
disposed to fear that, at the low figure represented by an 8-c.p. lamp on 
240 volts, the error would be a good deal nearer то per cent. than 5 per 
cent. I know that this latter test is a very tedious one to take, but it 
is undoubtedly very important, in view of the endeavour which all 
supply engineers are making to supply small class houses where it 
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is not at all an infrequent occurrence to have only one lamp burning 
at a time. 

Mr. HOLDEN (їп reply): The points raised by the Chairman and 
Mr. Chattock have had my attention. At first I thought that hydrogen 
might be transferred on account of difference of pressure in the 
vertical tube and bulb. I have also experimented with a lamp in close 
proximity to the bulb, causing considerable difference of temperature. 
There was no transfer of hydrogen due to either cause. I have also 
proved that there is no practical error in either meter due to change of 
temperature. There was a slight error in the early meters of the first 
type, due to the alteration in length of the springs, but by reducing the 
length of the springs I have entirely got rid of this error. 

Ап advantage of the spring balance meter not referred to by Mr. 
Chattock is that a circular dial enables a scale to be used much longer 
than the total length of the meter. The platinum electrodes are 
treated with a good thick coat of platinum black, but of no definite 
amount. So long as the platinum itself is entirely covered, the amount 
of platinum black does not affect the accuracy of the meter. I have 
had meters running continuously for many months without showing 
any falling off in accuracy. As regards a short-circuit, the meters 
which I am exhibiting to the meeting are running with a current 
through the electrolyte of three hundred times the normal value. I 
am running them with the resistance short-circuited in order that you 
may see the evolution of gas, which under ordinary circumstances is 
not easily detected. It is evident that no harm will be done by a 
short-circuit. 

Some of the questions asked by Mr. Tilney have already becn dealt 
with in replying to other speakers. І agree with him that the employ- 
ment of electrolytic meters is largely a matter of price. The meters 
exhibited were designed with a view to low cost of production ; but 
the question of selling price is one for the manufacturers, and does not 
come within the scope of the paper. The stability of the platinum 
black can only be determined by experiment. Anodes in continuous 
use for six to eight months show no signs of deterioration ; this may 
be taken perhaps as equivalent to two or three years' ordinary use. 
The question of larger meters has not been considered, because it 
is thought that for such meters the electrolytic type cannot usefully 
compete with the motor meter. Finally, in reference to Mr. Chattock's 
remarks and Mr. Tilney's request for comparative curves, I would point 
out that I have throughout felt it desirable to abstain from drawing 
any comparison between my meters and those of other inventors. 


Vor. 36. 27 
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SECONDARY CELLS: THEIR DETERIORATION 
AND THE CAUSES. 


By G. D. ASPINALL PARR,. Member. 
(Paper read at Meeting of Section, December 13, 1905.) 


Comparatively little or no literature of a definite nature exists in 
connection with the effects of impurities, either in the plates themselves 
or the electrolyte in which they are immersed, on the E.M.F., capacity, 
ard life of secondary cells. That certain impurities are injurious 
to the action of the lead-sulphuric acid cell is fully realised by every 
manufacturer of these cells. In fact all agree that there must not be 
more than a given percentage of certain impurities, and no trace of 
others, present, but the exact maximum amount of each admissible is 
indefinite and a matter of conjecture. Doubtless want of more exact 
data in this direction is due to the costly, lengthy, and extremely 
laborious nature of the research entailed by the quantitative determina- 
tion necessary to elucidate this matter. That such should be a reason 
is surprising, in view of the occasional dismal failures of storage 
batteries which are reported, as well as of the heavy capital sums 
at stake in connection with them. Ten years ago the capital involved 
in this country in connection with the manufacture of storage cells was 
about £426,000, now it is about £987,000, while the capital expended 
in the purchase of this class of appliance is much greater now, in 
proportion to capital, than it was ten years ago. The reason far such 
rapid strides lies in the many uses to which secondary cells are now 
being put, as, for example, in electric lighting and power stations, 
private installations, road traction, and portable purposes, telegraphy, 
telephony, and many others. It is common knowledge that the: prime 
cost of a storage battery, having a given kilowatt output for a given 
time, is about the same as for a steam generator and boiler of the same 
output. The useful life of the battery will be less than that of the 
steam plant, while the energy efficiency of the former will range from 
60 per cent, to 80 per cent., with an average, under commercial con- 
. ditions, of about 70 per cent. Notwithstanding these facts, a соп- 
siderable saving in running cost, as well as greater convenience and 
constancy of pressure, is effected in many systems of supply of electrical 
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energy (even when alternating), by the installation of a suitable storage 
battery. 

Naturally the points which interest and affect the purchaser of a 
battery most are (1) the prime cost, (2) the maintenance of its capacity, 
(3) its useful life. Both the efficiency and capacity of secondary cells 
gradually diminish with the time of use, the falling off being due to 
(a) natural causes, (6) unnatural causes, which embrace the effects of 
ill-treatment and impurities respectively. Under heading (a) we have 
loss of active material and loss of porosity, and under (b) we have, 
firstly, the ill effects of excessive charge and discharge rates, short- 
circuits, and those due to allowing cells to rest in a discharged con- 
dition and never fully charging them up; sccondly, the ill effects 
of impurities in the cell, which is the main subject of the present paper. 
If we assume that a secondary cell is made from pure materials and is 
installed ready for use with no impurities in either electrolyte or plates, 
then its natural life will depend on its construction and on the treat- 
ment to which it is subjected. If, however, impurities are present, 
then no matter how carefully it was made and is used, the longevity 
will be affected. Impurities may be introduced through the medium 
of the plates, or through the electrolyte, or by reason of the salts formed 
by corrosion of the cell connections dropping into the solution. Plates 
of the Planté, or non-pasted type, are given porosity in the course 
of manufacture by treatment in some oxidising or so-called pickling 
solution, containing nitrogen compounds—for example, nitric acid, 
ammonia, nitrates of sodium, potassium, ammonium, and ammonium 
sulphate. Manufacturers of such plates, however, take precautions to 
eliminate all traces of these compounds before the plates leave the 
works, and this is not difficult to do. Assuming that this is done, it 
remains for us to consider the main source of trouble, namely, the 
impurities liable to be introduced through the medium of the clectro- 
lyte. These may be present either in the sulphuric acid (the same 
grade from the same maker often varying greatly in purity), or in the 
water with which it is mixed. According to Dr. С. Lunge, the greatest 
living authority on sulphuric acid, the concentrated acid of commerce 
may contain :— 


Sodium sulphate (135 parts in a million). 

Potassium sulphate (morc rarely). 

Calcium sulphate (58 parts in a million). 

Ferrous sulphate (291 parts in a million). 

Lead sulphate (520 parts in impure and 172 parts per million 
in pure acid). 

Aluminium sulphate. 

Sulphate of ammonia (very largely). 

Copper, zinc, and other metals (rarely). 

Selenium. 

Arsenic (500 to 1,420 parts per million). 

Hydrochloric acid. 

Hydrofluoric acid. 
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Sulphurous acid. 

Antimony (80 parts per million). 

Arsenious acid (1,420 parts in impure and 31 parts per million 
in pure acid). 

Compounds of nitrogen (always present). 


Ammonia has been found in acid to the extent of 6,700 parts per 
million, but it is often present in 3:6 parts per million and is the most 
common impurity. Sulphuric acid is prepared either from sulphur by 
heating it in a current of air to form sulphur dioxide or from sulphide 
of iron (iron pyrites). The former method gives what is known com- 
mercially as “ brimstone” acid, the latter method an acid which (unless 
very carefully purified) contains traces of iron, arsenic, and other 
metals. Itis therefore safest to use “brimstone " (which is usually free 
from arsenic) acid for storage battery purposes, unless careful analysis 
is resorted to. Both kinds of acid are liable to contain traces of nitro- 
gen compounds. In general there is ample evidence of much impure 
acid being used for storage cell purposes. According to Dr. R. A. 
Smith, in his standard work “ Air and Rain," 1872, rain water has been 
known to contain the following impurities to the maximum extents 
given, namely :— 


Hydrochloric acid (chlorides) (560 parts per million), greatest 
at the sea coast. | 

Sulphates (1,226 in a million), greatest in large cities. 

Ammonia (London, 32 parts per million; Glasgow, 9 per 
million). 

Albumenoid ammonia (London, 1:08 parts in a million ; Liver- 
pool, 0°66 in a million). | 

Nitric acid (London, 25 parts per million). 

Nitrates. 

Other substances found in rain are organic substances, soda, 
potash, magnesia, alumina, carbonic acid, lime, oxide of 
iron, and manganese. 


Over 1oo parts per million of foreign matter have been found in 
rain. 

Water from town mains may contain sodium chloride, sulphuretted 
hydrogen, sulphates of ammonium and potassium, magnesium, calcium, 
the last two making the water hard but drinkable. Most impurities 
would be alternately oxidised and reduced with succeeding charges and 
discharges, and would thus help to discharge the cell irrespective of 
whether it is sending a current externally or not. It is well known that 
cells standing idle slowly discharge, the density of the acid becoming 
weaker ; this loss of charge in a good cell amounts to from 1 to 2 per 
cent. of its total capacity per day, but may amount to from 40 to 50 
per cent. if the cell contains impurities. Impurities in the form of 
metals which are more electro-negative than lead are deposited on the 
latter, forming with it a short-circuited local element, which causes 
lead sulphate to form in the active material of the negative plate and 
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hydrogen to be evolved. Metals that behave in this way are iron, 
silver, nickel, copper, etc., the loss of charge being due principally to 
(т) the chemical action of sulphuric acid on the spongy lead ; (2) the 
increase in density of the electrolyte, the sulphating of the negative 
increasing rapidly with the density ; (3) the electro-chemical action of 
the couple formed. by the spongy lead of the active material of the 
negative and the lead of the support, especially when this contains 
impurities such as antimony (under 1 рег cent.) ; iron; and copper 
from corroded connections, 

This local action’ is about three times greater at a sp. gr. of 1,300 
than at 1,170 for a temperature of 15°C. L. Jumau finds that high 
-density suits the positive much better than it does the negative plate 
and therefore that the best result and highest capacity will be obtained 
by making the total area of the negative plates greater than that of the 
positives. On the other hand, the more electro-positive metals, such 
as tin, zinc, mercury, etc., can do no harm inthe solution. Manganese 
salts, often met with as an impurity in litharge, are to be avoided, owing 
to the formation of permanganic acid at the positive plate, and to the 
consequent setting free of the oxygen of the active material of this 
plate. From these remarks it would appear that considerable risk is 
run by the use of either rain water or town water, and hence the only 
other option is to use pure distilled water. This is unfortunate in one 
way on account of the cost, but when carefully considered, it is trifling 
compared with the cost of a new battery, which the use of impure 
water might entail. The practice which some central station engineers 
adopt of using the condensed steam from the boilers is dangerous, 
because boiler water, in addition to its natural impurities, often contains 
some special alkaline softening fluid. Some of the more volatile 
impurities in this may, therefore, be carried over with the steam and 
condense with it, giving possibly a more impure water than that derived 
from rain or town supply. Another equally dangerous custom with 
some engineers is to add from I to 2 oz. of ammonium sulphate, sodium 
sulphate, or sodium carbonate per gallon of the electrolyte, with the 
object of improving the condition of the cells. This practice, while 
giving a rich colour to the plates, in time acts detrimentally on them, 
diminishing both capacity and efficiency. Accepting the limitations 
put by battery makers on the amount of impurities allowable, it would 
seem that the electrolyte should be free from arsenic, nitrogen com- 
pounds, sulphuretfed hydrogen, sulphurous acid, and' organic matter, 
and that it should contain only mere traces of hydrochloric acid and 
iron. Mr. К. W. Vicarey has recently found that from то to o'1 per 
cent. of ammonia added to the solution decreased the capacity im- 
mediately by some 20 to 31 per cent., thus showing the deleterious 
effect of nitrogen compounds. The ammonia has a strong affinity for 
water and turns to nitric acid on the passage of a current. 

I have recently commenced a series of tests with a view to deter- 
mining the maximum amount of any given impurity which may be 
present in a secondary cell without seriously affecting its capacity and 
efficiency. The tests, which will continue for many months, and are at 
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the present time, therefore, obviously incomplete, are being operated 

on 14 exactly similar cells. Each cell has one positive and two negative 

plates, all of the Planté type, and 5 іпѕ1х 5 ins. х }in. in size, contained 

іп а glass box 6$ ins. X 54 ins. X 2 ins. inside. The normal charging 

rate is listed as 2 amperes, and the discharge rate as 1:5 amperes for ten 

hours (normal capacity 15 ampere-hours) ; 2 amperes for six hours and 

3°5 amperes for three hours, with an electrolyte of sp. gr.—1,205. Тһе 

manufacturers were asked to make them all under the same conditions, 

and particularly to insure the elimination of all nitrogen compounds, 

both of which requests were carcfully attended to. Scrupulous care 

and cleanliness was observed in mixing the various electrolytes. "The 

sulphuric acid used was specially pure for analysis, but was, together : 
with the distilled water used, analysed for possible and probable 

impurities, none, however, being found. For help in this work and 

for many valuable suggestions I am greatly indebted to Dr. H. M. 

Dawson, of the University, Leeds. Eleven of the commonest 
impurities in sulphuric acid and in water have been chosen, and in 

amounts at least equal to the maximum which has ever been found 

in any ordinary water and ordinary purified commercial acid. One 
cell contained pure electrolyte and three others contained different 
percentages of sulphurous acid. The following table shows the im- 
purities used and their proportion per million parts of the solution :— 


Cell No. Impurity. per Mili on: | 
| 
| | 
I Arsenic ... 54% го jus iis КР 225 
2 Ammonia ves ee 55% ale | 27°5 
S Antimony Ке? = id sie T 33 
4 Copper ... "m yes — ys dia до 
5 Zinc "r з Тя ді» m - 40 
6 Sodium ... s кт aii а TE 45 
7 Tron vs г iot PAE 115 
8 Sulphurous acid (80) .. Ga ve m 6 
9 Calcium . ; eas whi se 83 
IO ° Nitric acid $m x Qe ids ve 2 
ІІ Hydrochloric acid ... bse see е 50 
I2 None ... an Фе - — | 
I3 Sulphurous acid (SO) .. " Ж” ды 0'6 
14 Sulphurous acid (SO,) .. b js XT 2 


'Twenty-two charges, all at 2 amperes, and 22 discharges, also all 
at 2 amperes, have so far been taken in succession day and night, and the 
following curves indicate the effects produced on the various cells. In 
the case of the charge curves it will be seen that sulphurous acid (Cells 
Nos. 8 and 13) greatly affects the rate of rise of terminal PD, distorts 
the ordinary form of curve, and diminishes the capacity, and further, 
that apart from Nos. 12 and 14, no very unusual results are noticeable. 

The discharge curves, I, 2, 4, and 13, show a much better result 


905.] THEIR DETERIORATION AND THE CAUSES. 411 


CURVES — 


~CHARCE 


—ron tHe — 
—DISCHARCE RATES — 


MARKED (iN HOURS) ON THEM | 


— MOURS— 


ЕС. І. 


| 


' | 
) 
[7 
ч 


FIG, 2. 


Digitized by Google 


412 PARR: SECONDARY CELLS: [Leeds, 


than the rest of them, the mean voltage and time of discharge being 
greater in these, but as seen, they are falling off with the number 
of discharges. No. 8 shows very clearly the deleterious effect of 
sulphurous acid, the capacity of this cell being almost annihilated after 
five discharges. The comparatively low voltage at the commencement 
of the discharge is due to the higher current rate used—six hours instead 
of the normal of ten hours. With the exception of No. 8 cell, the specific 
gravities of all the cells were about the same at corresponding points of 
the charge and discharge ; that of No. 8 was, however, very low for 
both. Doubtless the effects will become more marked as the tests 
proceed, and I much regret the incomplete nature of the results at this 
stage. 

I now give some curves showing the results of a lengthy series 
of tests which I made some time ago for a storage battery company on 
several large 9-plate storage cells having 4 Planté positives and 5 
pasted negatives. The results are interesting and instructive as 
showing the effects of a variation in the charge and discharge rates on 
the capacity and efficiency of the cells, which I have given in the 
accompanying table :— 


| Discharge. Ampere-hours. | Watt-hours. Efficiency. 
Rate Limit |Current (Amp.- (Watt- 
in in in Input. | Output. | Input. | Output. hour) hour) 
Hours. Volts. | Amps. Quantity. Energy. 


IO r85 | 29 | 318 | 290 | 764 | 574 9172 751 
6 r80 | 42:5| 288 | 255 | 730 | 449 88:5 677 
4 r80*| со | 224 | 200 | 517 | 385 89°3 745 
3  r75 | 70 | 256 | 220 | 630 | 402 : 5'9 63:8 
I оо 


. 1°70 |134 | 168 | 134 | 414 247 | | 59°7 


* This should have been about 1°77 volts, which accounts for the efficiencies at this 
rate being disproportionate with the rest. 

The normal charging current = 32 amperes, discharging current=29 
amperes at the ten-hour rate, and 134 amperes at the one-hour rate. Fig. 3 
shows very clearly that the higher the discharge rate is, the shorter 
the time of charging and the smaller the output. Fig. 4 shows that 
within the current limits taken the charging rate has but little or no 
effect on the output of the cell at the particular discharging rate taken. 

All the curves of Figs. 3 and 4 are the means of the last two or three 
out of some ten charges аһа discharges at the particular rate shown. 
The cells had therefore arrived at a normal state for each rate. 

In conclusion I wish to express my great indebtedness to Messrs. 
С. Whitaker, F. О. Foulds, В. W. Elliott, W. С. Maddison, С. Т. 
Pearce, and R. J. Watmuff, six of my third-year students, for the very 
earnest and painstaking manner in which they have conducted these 
laborious tests thus far, day and night without intermission, and also 
to the two first-named gentlemen for plotting the curves shown in 
Figs. 1 and 2. 
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DISCUSSION. 


Mr. W. Emmott: The increase іп capital outlay on batteries during 
ten years is gratifying; at the same time it might have been expected 
to be considerably higher, taking the increase in other plant during 
the same time ; this is no doubt caused by the want of confidence in 
storage batteries amongst central station men in particular, up to a 
comparatively recent date, due in the majority of cases, not to the 
battery, but to those in charge of it, who appear to have the impression 
that any kind of treatment is good enough. Batteries are now, how- 
ever, receiving more reasonable attention, and no doubt the next ten 
years will see a vastly increased application compared with the past. 
If weekly readings of the specific gravity and E.M.F. of the cells are 
taken, and intelligently made use of in bringing up a weak cell by 
means of a milking booster or a couple of portable cells always kept 
charged, no trouble will arise. The leading manufacturers will 
maintain their batteries at anything from 5 to 6$ per cent, subject 
to reasonable attention, and where facilities are at hand this can be 
done at even less by one's own staff. Manufacturers take саге to 
get at least 99'9 per cent. pure lead, and this metal being one of 
the easiest to purify, there is no difficulty in this, the o'1 per cent. 
of impurity being distributed to such an extent as to be considered 
infinitesimal, Regarding impurities duc to formation, as in а well- 
arranged factory this would be all eliminated before making up the 
battery, we can turn to the electrolyte as the place where to expect 
impurities. In the past I have gone to the trouble of using distilled 
water, but as far as the West Riding of Yorkshire is concerned I 
have found town's water good enough for all practical purposes, and 
this is borne out both by experience and analysis; therefore the 
matter is reduced mainly to the question of the quality of the H.SO,, 
and there are now three or four makers in Yorkshire who thoroughly 
understand the requirements of storage battery work, and there is no 
difficulty in getting a pure acid. A fault which was often practised in the 
past was, in the case of the battery getting down, to add acid, probably 
from a carboy which had been exposed to the atmosphere for some 
time, and in addition to absorbing moisture from the atmosphere, which 
would do no harm, had taken impurities. "This is to be condemned, the 
proper remedy to apply being to get the battery back to its normal 
state by one or more long charges and reasonable discharges. The 
final results of Mr. Parr's researches will be interesting, and especially 
the result of the combination of more than one impurity in each of 
the cells. 

Mr. W. B. WOODHOUSE : With regard to the efficiencies which the 
author mentions, I may say that in practical work I have never 
obtained such high figures. 

Mr. T. H. CHURTON : It would be very interesting to know the 
results of the experiments which the author is conducting. Un- 
fortunately, however, the conditions are not such as would usually 
obtain in practice, the impurities not being met with singly but in 
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combination ; and it does not follow, of course, that the effect of 
the various impurities, when in combination, will be the same as that 
due to each impurity by itself. It may be, indeed, that some impurities 
have a tendency to counteract the effect of others. For this reason 
I think it would be of practical interest if various samples of water, 
containing various impurities, were used, together with samples of 
acid containing impurities usually met with, and the results of these 
noted. Perhaps the author may be able to make a few such tests in 
connection with the present scries of experiments. I would be glad 
to hear the author's views with regard to the probable use of 
accumulators for automobiles. One of the specimen plates shown, 
the “ Headland,” appears to me to combine considerable mechanical 
strength with lightness, and should, apparently, havc a good capacity 
factor. Can the author give any information in this connection with 
regard to the Edison cell ? 

Mr. T. RoLEs: As regards efficiencies I have found that the 
batteries that I have most recently had experience with сап be 
worked to a daily ampere-hour efficiency of 95 per cent. I first 
started working to this ейсіепсу with a Hart battery. Previously 
it had been my practice to give batteries about ro per cent. overcharge, 
but the Hart Battery Company were very precise on the point of not 
overcharging, and they requested us rather to undercharge them than 
to overcharge, because doing the latter had the effect of softening the 
plates. We worked to about 95 per cent. efficiency daily, and at 
the end of every weck we gassed the cells up, and for practically 
three years, during which my experience extended, this method acted 
admirably. The watt-hour efficiency, as far as I can remember, was 
between 75 and 80 per cent. week after weck. We have a Hart 
battery now at Bradford, which we are charging in the same way, 
and at the end of the week the amperc-hour efficiency is about 94 
per cent. Ав regards this battery I cannot give any details as 
to the watt-hour efficiency, as it is on a traction circuit with a 
reversible booster. The charge and discharge arc taking place 


almost momentarily, and although we can take the ampere-hours by - 


means of meters, we have no watt-hour meters in circuit. 

We have another battery of about 2,400 amperc-hours' capacity at 
200 amperes’ discharge rate, and about 500 amperes for three hours, 
on our lighting system, and we аге charging that in the same way, and 
I have here a series of readings showing that the average ampere-hour 
efficiency of the positive side during the month of November was 94'5 
per cent. The amperc-hour efficiency of the negative battery for 
November was 9473 per cent. The watt-hour efficiency of the positive 
battery was 70% per cent. for the month ; for some reason the efficiency 
of the negative battery was shown as being higher, 83 per cent., which 
was probably due to inaccuracy of the voltmeters. I found that to 
work to 80 per cent. watt-hour efficiency is quite a regular thing with 
this battery. 

I am unable to give the rate of discharge from the battery be- 
causc I have not the figures by me, and the rate of discharge varies 
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Churton. 
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Mr. Roles. 


416 PARR: SECONDARY CELLS: THEIR [ Leeds, 


so much according to circumstances, but we generally discharge 
fairly heavily at peak times. In this case, the discharge of the negative 
battery during the month was more than double the amount of the 
positive, because it was taking the out-of-balance current to a large 
extent, but with the time at my disposal since reading Mr. Parr's 
paper I have not been able to do anything more than gather together 
the information given. I have also been unable to satisfy myself 
regarding the differences in the watt-hour efficiencies of the positive 
and negative batteries, but I can guarantee the ampere-hour efficiencies, 
because they were being worked to very strictly. Since November 
the average ampere-hour efficiency of the Sunbridge Road Traction 
Battery, according to the meters (which have been recently calibrated) 
is 95 per cent. ; at times the efficiency has gone up to 97'9 per cent., 
and in some cases down to 93:6 per cent. In perusing the paper I 
was greatly impressed with the number of impurities which might be 
in the acid and their effect, and we are just now having some corre- 
spondence with a battery company on the same matter. In this 
connection I must state that I totally disagree that it is advisable to 
enter into a maintenance contract with a battery company for a number 
of years. 

(The CHAIRMAN: May I ask if you have had any experience with 
E.P.S. batteries and, if so, what it has been ?) 

I had trouble when at Aberdeen with E.P.S. batteries. The plates 
were arranged in nests, two nests in each cell, and after a year or two 
the pellets fell out of the grids of the negatives, and the positives 
softened. Buckling occurred in many of the nests, the plates being 
removed time after time, straightened out between boards, and re- 
placed. On condition that the Corporation would afterwards take up a 
maintenance agreement with the company at a fixed rate per annum, 
the company offered to replace all bad plates and put the battery into 
thorough working order. They did not anticipate having to replace 
many plates, but as a matter of fact they had to replace practically the 
whole of them. Even then the discharge guaranteed could not be 
obtained. It was decided to increase the storage capacity at the works, 
and the E.P.S. Co. offered to replace the old type battery plates with a 
new type plate having a celluloid envelope, and to put in another 
battery of equal size if their tender was accepted. The Corporation 
agreed, and the new batteries were installed. I have had no experience 
with these, but I believe they were a failure owing to the rapid 
deterioration of the celluloid. The E.P.S. battery at Bradford, which 
is of their * P" type, with 43 plates per cell, each burnt on to a bus-bar 
arranged between two cells, has had some very heavy work, and I must 
say that it is doing very well. It has been in commission for five 
years, and although its capacity has dropped very considerably, the 
replacement of about 75 per cent. of the negatives recently has again 
brought it up to the specified rates. A very careful watch is being 
kept on the battery, and at present its behaviour is very satisfactory. 
The original positives are still in use. One of the most satisfactorv 
batteries with which I have had experience was the Crompton-Howell 
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battery of twelve years ago. There was a rumour that the inventor had 
.died, and that the secret of making the original plates died with him, 
as later batteries of this make were not so satisfactory. With this battery, 
as in nearly all others in my experience, although the plates were sent 
separately, the cells built up on the job, and the acid taken from the 


Mr. Roles. 


same batch of carboys, two or three particular cells would always give : 


trouble week after week, while the remainder of the cells in the battery 
would be satisfactory. With this in mind, I would like to ask Professor 
Parr whether he has taken a series of tests of all the cells together, 
discharging them all in series, and comparing the capacity of one 
cell against that of another when each is used under exactly similar 
conditions. Otherwise, would it not be better to place three cells 
under exactly similar tests, as although every precaution is taken by the 
makers, cells often vary very much one from another with regard to 
their capacities? I may mention that in Bradford we have found 
considerable difhculty in procuring pure distilled water and are 
still using tap water ; the quantity of distilled water which we would 
require would be sixty gallons per week. Our cells need one pint 
of water each per week to make them up. The Sunbridge Road 
Battery is less than half the capacity of that at Bolton Road, 
but it takes the same amount of water. I put that down to the 
fact that at the former works the cells arc, for long periods each 
day, kept at the gassing point, owing to their being used in 
connection with a reversible booster on a traction circuit. The 
kilowatt output of the batteries at Bradford at their three-hour rating 
is 270 lighting battery, and 130 traction battery, a total of 400 k.w., 
which is equal to 46 per cent. of the capacity of the generators 
installed. 

The CHAIRMAN (Mr. A. B. Mountain): We must thank the author 
very much indeed for bringing forward the results of his interesting 
researches. It must be a very difficult matter to write a paper when 
half way through experiments, and we shall all look forward with 
pleasure and interest to the final results of his experiments, which 
will, I hope, be communicated to a future meeting. I hope the 
author will bear Mr. Churton's point in mind, and deal with some 
known samples of town water, for it does seem to me that impurities 
mixed together would have quite a different effect to what they 
would have singly. I would like to ask Mr. Roles what propor- 
tion the batteries bear to the total generating plant at Bradford. 
My opinion is that batteries are of little use for real hard work, 
but they are undoubtedly of great use for maintaining a constant 
pressure of supply. 

Mr. PARR (in reply): Mr. Emmott said that he had taken no 
particular care with regard to impurities in the electrolyte used by 
him in secondary cells. His experience in working results has been 
a happy one, but mine has been otherwise in one or two cases. I 
had a cell sent to me about three years ago by a storage battery 
company, and I used some ready-mixed acid supplied specially by 
an acid manufacturer for this cell, following the directions closely. 
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When I came to use the cell I could scarcely get anything out 
of it. Being much troubled about the result, I wrote to the makers 
of the cell on the matter, and eventually their representative called 
and suggested that we should make a test together, and this we 
did, with the same results. He wired to his firm the same day 
for a new cell, which came duly to hand. This time I took the 
precaution to use pure acid and distilled water mixed by myself, 
with the result that this new cell behaved quite normally, showing 
that there was evidently something in the acid in the first case, as 
I was assured that the two cells were made under similar conditions. 
I can only put it down to the acid. I have had one or two other 
instances in which the capacity of a certain battery did not come 
up to the maker's standard, due probably to impure electrolyte. With 
regard to refills, if ordinary town water is used, it is important to 
consider the amount of any impurity that might accrue in the course 
of a year. Obviously this might be very considerable where perhaps 
something like 15 or 20 gallons of water are added per week, so that 
the use of distilled water for refills seems to be essential unless it 
be ascertained that the town water is sufficiently free from impurities. 
With regard to the insertion of acid, it is usually the water of the 
electrolyte that disappears, so that it is very seldom necessary to 
add acid to thc cell. I would mention that it is extremely important 
to keep the specific gravity of the electrolyte always the same, for 
the same temperature, in a fully charged cell. Probably only a few 
engineers realise the effect of the specific gravity of the acid on 
the general behaviour of the cell. For instance, the local action going 
on in the cell increases very much indeed with the specific gravity of 
the solution. This action is two or three times greater at a specific 
gravity of 1,300 than at 1,170 for a temperature of 15? C., and means 
deterioration and loss of capacity. My experience has been, in some 
cases, that the specific gravity has actually increased to an altogether 
dangerous extent, with a resulting loss of capacity. The specific 
gravity of the solution ought to be attended to, and kept more or 
less uniform. With regard to the remarks of Mr. Churton, there 
certainly is а good deal to be said as to the method of testing 
with the impurities one at a time and several at a time, but 
of course there are certain combinations of elements which would 
undoubtedly act on the cell in exactly the same way as the separate 
elements. For instance, magnesium and calcium will act in the 
same way in the cell, and consequently only one of them need be 
tried. Certainly the effect of a combination of impurities is an 
important one, and I hope at a later date to be able to give some 
results in this direction. With regard to the question of cells for 
automobiles, I might say that the * Headland" cell referred to has 
been used for many years in electric vehicles. It is coming rapidly 
to the front, and is a very good one indeed. You can see by the 
construction of the grid that there is practically no dead weight to 
be carried about in the form of a lead backbone, whilst at the same 
time there is plenty of conductivity in the metal of the grid for th 
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current to be delivered quite easily. The construction, however, is 
rather peculiar. In the case of a complete plate spaces are lcft 
between the bars, and the action not only goes on at the surface 
of the plate, but also at the two remaining sides of each of the 
individual bars. With this arrangement the capacity is very nearly 
double that of a plain lcad plate, and consequently the output per Ib. 
of cell is very large for this type of cell. I have several cells in 
use at the University, and apparently they will stand rough treatment 
without damage. Some few ycars ago I discharged a 3-ampere cell 
at ten times its normal rate for just over half an hour down to the 
usual limit of terminal potential. I subsequently short-circuited it 
through an ammeter, and it gave 54 amperes for one minute and а 
half, with the usual fall of terminal PD, and there was no buckling 
or falling away of paste. Regarding the Edison cell, this is in use 
in the States, but not, to my knowledge, in this country at the present 
time. The makers have made scveral improvements recently. They 
found that there was a considerable loss of capacity in connection 
with the positive plates, and they have overcome this trouble by 
doubling the number of positive plates, so that a cell with 18 positives 
would have 9 negatives. They have now standardised the manufacture 
of these cells, and it remains to be seen how it will compete with the 
lead sulphuric acid cell. The mean voltage of discharge amounts to 
something like ri to 1'3 volts, so that double the number of Edison 
cells are required for the same voltage. The specific energy output 
is said to be about 15 watt-hours per lb. of cell, whereas English 
pasted types average something like 10 to 12 watt-hours per lb. With 
regard to Mr. Churton's remarks as to the behaviour of the plates 
when taken out of the cell and allowed to stand in air and then 
replaced. This treatment is very bad for the plates, and the result 
would be a heavy sulphating at the surface of the plates. This 
sulphate would no doubt grow in the form of crystals, and would 
be more or less impervious to the penetrating action of the acid, so 
that when the plates are replaced in the acid the result would be 
that the resistance for a time would be very considerable indeed, 
owing to the layer of lead sulphate crystals, but by a series of charges 
and discharges it could be got rid of, providing the action had. not 
gone too far. The expense of charging, however, might be more than 
the cost of a new set of plates. On account of the formation of these 
crystals it is extremely detrimental to allow a battery to remain in a 
discharged condition. Replving to the last question, there are some 
instances in this country in which an engine has been employed to 
drive an alternator for lighting and a DC dynamo for charging cells 
during periods of light load, the peaks of heavy load being taken by 
the alternator run by the dynamo used as a motor, and supplied from 
the cells. With regard to the low energy cfficiencies given іп the 
table, the efficiency obtained in a laboratory test on a secondary cell is 
always higher than that obtained in practice. The efficiencies obtained, 
which are given in the table, are the result of continuous charges 
and discharges. The kind of use that a battery gets in practice is very 
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often Coupled with periods of rest partly in a discharged condition. 
This increases the local action, and in turn diminishes the capacity 
and output of the cell. Asan average the energy efficiency of a 
central station battery should be easily maintained at 60 to 65 per 
cent., unless it is not well looked after. I quite agree with Mr. Roles 
that an ampere-hour efficiency of 92 to 94 per cent. is easily possible, but 
theampere-hour efficiency entirely depends on the current density at the 
plates. I have known batteries to give as much as 97 per cent., but 
the current density has been low, and under such a condition these 
high rates can be obtained, but directly a high current density is used 
the ampere-hour efficiency decreases. I have no doubt about the 
injurious effects of impurities, and that is why I have undertaken 
the present series of tests. Some of the impurities, as indicated 
by the curves, are very deadly indeed, and Mr. R. W. Vicarey has 
found that ammonia, which, of course, represents nitrogen compounds, 
is also deadly, at all events in large percentages. With regard to 
testing two or more cells together, as each cell reaches the lowest 
limit of voltage, namely, 1'8, it is cut out. They all therefore have the 
same treatment, but they are not all tested together. 
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Instruments—The Phase Error allowable—Ammeters—Ammeter Tests— 
Voltmeters—Voltmeter Tests—Wattmeters and Air-gap Transformers—Watt- 
meter Tests—Phase Meters and Idle Current Ammeters—Electromagnets 
for Moving-coil Instruments— Conclusion. 

APPENDIX—I. System of Notation. 2. Theory of the Voltmeter. 3. Theory 
of the Hysteresis Phase Error. 


In view of the long acknowledged excellence of direct-current 
instruments of the permanent magnet moving-coil type, remarkably 
little attention has been given to the possibility of constructing instru- 
ments on similar lines for alternate-current working. The permanent 
magnet must necessarily be replaced by an electromagnet, and this 
will need an additional current circuit. But this in itself is no dis- 
advantage with alternating-current instruments, which must be of the 
double current, or double voltage, type, so that two circuits are needed 
in any case. The writer has already discussed this question in an 
address delivered as Chairman of the Birmingham Local Section (see 
Fournal, vol. 34, p. 144). Numerous experiments made before and since 
that address have led to the decided opinion that the difficulties to be 
surmounted before it is possible to construct accurate iron-cored 
instruments for alternate-current working can all be overcome by the 
application of a few principles, and by close attention to detail. 

The difficulties to be met are important, but they may be briefly 
stated, and they fall naturally into two classes :— 


(i. The induction density in the air-gap of the electromagnet, or 
the current through the moving coil, may not be of correct 
magnilude owing to the direct or indirect effects of eddy 
currents, or to variations in the permeability of the iron. 


(ii.) The gap flux density and the moving-coil current may not be 
in proper phase relation, owing to the phase error introduced 
by the hysteresis in the iron, or by the influence of varying 
frequency and wave-form on the reactance of the instrument 
circuits, 
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Of the errors which fall under these two heads, by far the most impor- 
tant are those of the second class. Errors of the first type only really 
affect the calibration of the instrument. This is almost true even with 
wattmeters, since the effect of the errors is only slightly dependent on 


the power-factor of the load. We shall consider the errors in the 
order given. 


MAGNITUDE ERRORS. 


As regards the effects of eddy currents, it is sufficient to say that 
these can be made negligible for all usual frequencies by suitable 
lamination, so that no trouble need arise from their action. 

The effects of varying permeability are largely neutralised owing to 
the presence of the air-gap. With ordinary dimensions suitable for 
instruments the reluctance of the air-gap is so great compared with 
that of the iron path of the magnetic circuit that a considerable change 
in the permeability of the latter only slightly influences the reluctance 
of the whole circuit, provided it is assumed that the mode of distribution 
of the flux is unaltered. But the most important effect of variations in 
the permeability seems to be an indirect one, due to variation in the 
leakage factor for different magnetising currents—that is to say, to 
variation in the mode of distribution of the flux. The leakage factor, 
or the ratio of the total flux, to that portion of it crossing the air-gap 
traversed by the moving coil, is much greater with small electromagnets 
of instrument dimensions than it is with dynamos, since the air-gap is 
a much larger proportion of the length of the iron path. It may reach 
very high values, especially if the magnetising coil is not wound right 
up to the boundary of the gap. Its value is rarely less than 2, and 
may easily be over 5 if the iron surfaces are much exposed in the 
neighbourhood of the gap. Now, so far as the accuracy of the instru- 
ment is concerned, it will not matter in the least what value the leakage 
factor has provided, it is the same for different currents. (For an 
ammeter it need not even be constant, since its variation can only 
affect the calibration of the scale.) But the leakage factor varies with 
the permeability of the iron, and thus it changes with the current, and 
it becomes difficult to keep the leakage factor, and the reluctance of 
the magnetic circuit, sufficiently constant in cases in which such 
constancy is needed. For an ammeter, as already stated, no difficulty 
arises, because the moving coil is never in the same part of the gap for 
two different currents, and hence the instrument can always be 
correctly calibrated ; but for a wattmeter the circumstances are very 
different, since the same deflection is required for currents of very 
different magnitude provided the power being measured is the 
same, and it follows that the density of the lines for each part of the 
air-gap must not only be precisely determined by the current, but 
must also be strictly proportional to it at every instant. 

Now in order to keep the reluctance of any induction path sufficiently 
constant it is necessary to have a fairly large air-gap, though not one 
undesirably great, for an instrument. We shall, however, see later that 
in order to overcome the error due to hysteresis the gap must be still 
further increased, so that to get a high flux density in the gap a con- 
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siderable magnetising force will be necded, and the advantage of an 
iron core largely neutralised. On the other hand, in order to keep the 
leakage factor constant so that the induction paths are fixed it is 
necessary either to use a very short air-gap (a condition most 
desirable to secure, but one incompatible with the above), or else to 
wind the magnetising coil completely over the gap so as to compel any 
lines in the iron to traverse the whole of the iron path. This last 
condition is difficult to secure in instruments without giving up the 
advantage of strong fields, but one easy to fulfil with an accessory such 
as the air-gap transformer used with the writer's wattmeter. 

So far we have considered merely the series electromagnet, which 
of course is the only one possible to use for ап ammeter. Оп the other 
hand, a shunt magnet must necessarily be used for a voltmeter, while 
either a shunt or series magnet may be used for wattmeters or phase- 
meters. It will be seen later that with the shunt magnet the difficulties 
to be surmounted take quite a different form from those mentioned, 
and that the conditions for accuracy can much more easily be met. 
One of these conditions is that the air-gap should have as small a 
reluctance as possible, which is fortunately also the condition which 
makes it easy to produce a strong magnetic field and a sensitive 
instrument. 


PHASE ERRORS. 


Passing now to errors of the second class, or phase errors, we have 
to consider the influences at work which tend to prevent the current in 
the moving coil, and the magnetic flux in which this coil moves, from 
being in the correct phase relation. These phase errors will, especially in 
wattmeters, have a much more serious effect upon the accuracy of the 
instrument than any likely variation of the field flux from its proper 
magnitude. The successful construction of accurate iron-cored 
instruments for alternate-current working chiefly depends upon the 
possibility of reducing these phase errors to sufficiently small amounts. 
Such errors arise mainly from two causes : (1) Hysteresis makes the field 
flux differ in phase from the magnetising current, and (2) the reactance 
of the moving-coil circuit introduces a phase error. Of these two 
errors the former is independent of frequency and is but slightly 
dependent on current or wave-form, while the latter is greatly affected 
by both frequency and wave-form. It may be desirable to state here that 
by the phase difference between any two alternating-current quantities 
is meant the angle separating the vectors representing those quantities 
in the ordinary vector diagrams commonly used when discussing alter- 
nating-current problems. The author showed several years ago that the 
accuracy of this vector method is quite independent of the law of 
variation of the currents and potentials ; and in the present paper no 
assumption is made as to the way in which the currents vary with time. 


IRON-CORED INSTRUMENTS. 


Let us suppose for the present that the errors mentioned have been 
made negligible. Figs. 1 to 4 show diagrammatically the electrical 
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connections for (1) an ammeter, (2) a wattmeter with series magnet, 
(3) a voltmeter, and (4) a wattmeter with shunt magnet. 

In Fig, т the magnetising coil is placed in series with a suitable non- 
inductive low resistance S, the terminals of which are connected with 
the moving coil through a non-inductive high resistance R. The 
magnetic flux and the moving-coil current C will each be essentially 
proportional to the main current, and hence the instrument can be 
calibrated as an ammeter, and its range varied by altering R. 

Fig. 2 represents the series magnet form of wattmetter. Here 
the main current is used to produce the field, and the moving coil 
is shunted to the mains through a non-inductive resistance R, as with 
ordinary dynamometer-type wattmcters. Тһе phase crror due to 
frequency and wave-form is no greater than with instruments of the 
usual type, but there is, in addition, a phase error due to hysteresis, and 
also a magnitude error if the flux in the gap docs not strictly measure 
the magnitude of the current. 

In Fig. 3 a shunt magnet is excited by the voltage of the circuit, 
and the moving coil is put in series with a condenser K across the 
same mains. 

In this case, assuming the resistance of the shunt winding is 
negligible, the back voltage induced in the iron must exactly balance 
the voltage of the mains, or the latter is an exact measure of the rate of 
change of the flux whatever the hysteresis of the core may be. This 
flux is thus in quadrature with the voltage, and proportional to it in 
magnitude. The moving-coil current is also in quadrature with the volt- 
age in consequence of the action of the condenser K. The current and 
the magnetic flux are in the same phase, and their product is propor- 
tional to the square of the voltage. If the frequency or wave-form varies 
it can be shown that the product in question is unaltered so long as the 
mean square of the voltage remains constant, so that the indications of 
the instrument are independent of frequency and wave-form. The 
range can be altered by changing the condenser, or by varying the 
turns on the moving or magnetising coils, or by using the latter as a 
transformer for the moving-coil circuit. 

Fig. 4 represents the wattmeter previously described by the writer. 
A shunt magnet is used to produce the field, and a special transformer, 
P S, is used to enable the main current through its primary coil P to 
produce a suitable current in the moving coil-circuit. As already 
stated in connection with the voltmeter of Fig. 3, the field F in the gap 
is in quadrature with the voltage V, and it is necessary to have the 
moving-coil current C in quadrature with the -main current A, if the 
phase difference between F and C is to correspond with the power- 
factor of the load represented by the average product of V A. Sucha 
result can be obtained by passing the load current through the 
primary P of a transformer P S, whose magnetic circuit has a constant 
reluctance like an air-cort transformer, and whose secondary circuit is 
made essentially non-inductive by connecting the secondary coil S, 
and the moving coil, in series with a sufficiently large non-inductive 
resistance К. If the phasc errors are made sufficiently small the 
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instrument will act correctly whatever the frequency or wave-form, and 
however the voltage and current vary in magnitude. 


THE PHASE ERROR ALLOWABLE. 


Before forming any estimate of the amount of the phase errors, it 
will be useful to consider what is the allowable value they may have 
in any particular instrument. This will vary greatly in accordance 
with the use to which the instrument is to be put. Let us first consider 
the case of an ammeter. Suppose F, the flux density in the gap, and 
C, the moving-coil current, have each been made proportional to the 
main current A. If there is no phase difference between Е and C, the 
torque on the moving coil will be F C, and a measure of A?, but if there 
is a phase error 0, the torque will be FC cos 0. Now, it will not matter 
at all what 0 is provided it has the same value (for the current A con-- 
sidered) as when the instrument was calibrated. But supposing, 
owing to hysteresis or frequency effects, 0 varies from its assumed 
value 0, to some other value 0 + 0,, the instrument, instead of reading 
the current A, will read a current A,, where— 


A? cos 0,— A? cos (0 + 9) ; 
* 
or assuming 0,— о, we find— 
A, =A(1 — 1} 6"), 


and the error ғ, ог the difference between A and A, as compared with 
A, will be (if 0 is a small fraction of a radian)— 


А-А, 


шш = } 0°. 

Now even if 0 is as large аз 10 per cent. of a radian, ог 5°73°, the error 
will only be } per cent., and the instrument will read correctly to 
I per cent. if 0 remains. less than 20 per cent. of a radian, ог 11°5°. 

A similar argument applies to the voltmeter, and the allowable phase 
error is the same. 

But for a wattmeter a totally different state of things obtains. 
Assume as before that the magnitudes of F and C are correct, and 
represent in one case the voltage, and in the other the current of the 
load to be measured. Let the power-factor of this load be cos ф, but 
suppose that the phase difference between F and C, instead of being 
`ф, is $ — 0 where Ө is the phase error. The ratio of the actual to 
the true reading will then be— | 


cos (ф — 0) 
COS ¢ 
and for small values of 0 the error as a fraction of the true power 
will be— 
еше 0 tan ¢. 


This is an error of a much more serious character than that which 
obtains with ammeters and voltmeters, for it is proportional to @ instead 
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of 0°, where 0 is a small quantity, and it is moreover proportional to 
tan ¢, which becomes large for low power-factors. Since the error of 
a wattmeter depends upon the power-factor, it is convenient to take 
the error at a particular power-factor to represent generally the 
wattmeter error. The most convenient power-factor to choose is 
evidently that for which tan ¢ = І and cos ¢ = 0707, since in this case 
the wattmeter error as a fraction of the true reading is equal to the 
phase error 0, and the power-factor in question is as useful and repre- 
sentative a one as could well be chosen. 

It will be at once seen that Ө must not exceed 1 per cent. of a 
radian, or 0:575, if the wattmeter error is to be reduced to т per cent., 
or the allowable phase error in a wattmeter is less than a twentieth 
of the allowable phase error in an ammeter or voltmeter to secure the 
accuracy stated. The ratio of the allowable phase errors is even more 
striking if the accuracy aimed at is greater, for if the errors are to be 
no more than от per cent. in each case, the phase error of the 
ammeter may be sixty-three times that of the wattmeter. Put in 
another way, if the phase error of an ammeter or voltmeter is no 
greater than that causing а wattmeter to be in error by o'r per cent. on 
a load of power-factor 0771, the readings of the two former instruments 
are only affected by phase errors to the extent of one part in 40,000. 
The fact is that the ammeter and voltmeter shown in Figs. 1 and 3 are 
essentially wattmeters on non-inductive load, and their phase errors 
only produce negligible effects as with wattmeters "under these 
conditions. 

If the construction of accurate iron-cored ammeters and voltmeters 
be regarded as difficult, it would appear to be impossible to construct 
a good wattmeter on similar lines. On the other hand, if the wattmeter 
problem is solvable, the problem of ammeters and voltmeters should 
proveeasy. Itisthe latter view which is correct. 

It would have been simpler to solve the ammeter and voltmeter 
problems before attacking that of the wattmeter, but the latter instrument 
as indicated in Fig. 4 was the first the writer experimented with, and 
it was afterwards only natural to find that an instrument which proved 
satisfactory in action under the difficult conditions of a wattmeter, 
could be used with even greater accuracy as an ammeter or as a 
voltmeter with suitable circuit connections as represented in Figs. 
I and 3. 


AMMETERS. 


If now the influences tending to cause error in the ammeter be 
carefully examined, it is striking how little effect they seem to have. 
Eddy currents can be made negligible by suitable lamination. The 
direct or indirect effects of varying permeability have no other result 
than to alter the calibration curve of the instrument. The flux density 
at a particular part of the air-gap may not be proportional to the 
current, but it is only necessary for its magnitude to be fixed by that 
of the current, and so be the same as that occurring for this current 
during the calibration of the instrument. Varying permeability has 
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merely the same effect on the instrument readings as an alteration in 
the shape of the air-gap. Hysteresis will cause a phase error, as also 
will reactance in the moving-coil circuit. The phase error due to 
. hysteresis is independent of the frequency of the current, but is depen- 
dent to some extent upon the maximum value reached by the flux density 
in the iron. It is dependent but slightly on the magnitude of the 
current, and still less on its wave-form. It of course depends upon the 
hysteresis properties of the iron, and can be reduced by using good 
iron, and by enlarging the gap. But whatcver its value may be, if it is 
always the same for a particular current, it can only have the effect 
of altering the calibration of the instrument. In nearly all cases the 
error seems to be negligible with ammeters. It is certainly a fact that 
an electromagnet ammeter of the type shown in Fig. 1 may have an 
hysteresis error altogether intolerable for direct-current working, and 
yet when used with alternate currents will not show any measurable 
error at all. The complete theory of the hysteresis phase error is 
intricate, and is dealt with in the Appendix, but the reason why it 
introduces no large error into the working of ammeters can be seen in 
a very simple way. 


FIG. 5. 


If the hysteresis curve be drawn for the cycle of current considered, 
it will be found to take the form of an elongated loop, as in Fig. 5, 
owing to the influence of the air-gap, and its ascending and descending 
portions will not differ greatly from that of the median line Q' O Q. For 
any instantaneous value OS of the current, the moving-coilcurrent, which 
we may assume proportional to O S, will be represented by M S, while 
the corresponding ordinates L S and H S of the ascending and descend- 
ing portions of the loop will represent the two values of the field flux 
for the current OS. Since the mean of H S and LS is very approxi- 
mately MS, the mean torque on the moving coil will be represented by 
the average value of the square of MS, just as if there were no hysteresis 
at all. This theory, though only approximate, represents essentially 
what happens in an ammeter. It is only when the moving-coil current 
is representing some alternating-current quantity differing from the 
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` magnetising current in both phase and wave-form that the hysteresis 
difficulty becomes serious. 


AMMETER TESTS. 


To test the foregoing theory, experiments were made on an instru- 
ment designed not as an ammeter but as a wattmeter. The instrument 
was essentially the same as that already described (Sournal, vol. 34, 
р. 157), but the air-gap was reduced to 4 of an inch, and there меге 
only 10 turns on the moving coil instead of 60 as in the former 
instrument, and a winding of 20 turns was put round the magnet 
for use as a series coil in addition to the shunt winding of 1,000 turns. 
The shape of the stampings used for the magnetic circuit is shown 
in Fig. 6. About 100 of such stampings were used, forming a block 
about 1} in. in depth. The connections as an ammeter were as indi- 
cated in Fig. т, Е being the field coil of 20 turns, S a resistance of o'r 
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ohm, and К a resistance of 140 ohms.  Currents up to about 15 
amperes were passed through the ammeter, thus formed, in series with 
a Siemens dynamometer reading onc revolution (of 400 divisions) for 
about 19 amperes. The calibration curve of the new instrument was 
determined by the dicect-current method, by comparing thc deflections 
for different currents through the moving coil while a constant current 
was maintained through the field magnet coil. From these tests a 
direct-reading scale was prepared. "This was such that the marking 
was 40 for an angular deflection of exactly 40°, and the scale reading for 
other deflections was in all cases approximately the same as the angular 
deflections in degrees. The scale was prepared for use as a wattmeter, 
so that, just as with a Siemens dynamometer wattmeter, the reading 
should measure the square of the current or voltage, when the instru- 
ment was used as an ammeter or as a voltmeter respectively. 

The first thing tested was the influence of previous history of 
magnetisation. The instrument when used with direct currents showed 
large hysteresis effects. Thus, in spite of the modifying influence of 
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the air-gap, the residual magnetism was from то to 20 per cent. of the 
maximum flux produced by a steady current such as to magnetise the 
iron to the extent intended in practice. But for alternating currents of 
a frequency of 9o cycles per second no difference could be detected, on 
the deflection caused by a current A, as measured, before and after the 
application of a large current B. Thus for А = 7:5 amperes, and B= 
22 amperes, the current A, as measured by the Siemens instrument, 
always produced the same deflection on the new instrument. To test 
this for smaller currents, a hot-wire ammeter reading to о3 ampere 
was used to measure a small current of about a quarter of an ampere 
passed through the iron-cored instrument of Fig. 1, the resistances R 
and S being altered to obtain a good deflection. Under these circum- 
stances the most careful observation failed to detect any influence of 
an alternating current of 15 amperes passed through the magnet 
winding, in making the instrument reading for 0°25 ampere differ, from 
that obtained before the passage of the larger current. 

Readings were then taken for different currents and frequencies in 
order to see how far the scale calibrated by the direct-current method 
could be relied upon as a measure of the currents used. It was soon 
evident that the error for different frequencies was so slight that its 
measurement would be difficult with non-reflecting instruments. After 
a number of preliminary trials two sets of tests were taken with current 
frequencies of go cycles and 30 cycles. These frequencies were about 
the highest and lowest which could be used under reasonably steady 
conditions with the apparatus available. The standard used was the 
Siemens dynamometer already mentioned. Current readings were 
taken for deflections of the iron-cored instrument at, or very close to, 
20, 30, 40, 50, 60, and 70 divisions, these readings corresponding ap- 
proximately with the deflection of the pointer in actual degrees. The 
corresponding readings of the dynamometer varied from about 80 to 
260 on a scale for which 400 divisions corresponded with a complete 
revolution. The pointer of the iron-cored instrument was more than 
twice the length of that of the dynamometer, so that all the readings 
corresponded with appreciable movements of the pointer. In order to 
secure greater accuracy each observation was taken three times, and 
the numbers given in the following tables only show the mean values 
so obtained. | 

The first table gives the corresponding readings of {һе iron-cored 
and Siemens dynamometers for different currents at go cycles per 
second. 


TABLE I. 


Iron-cored dynamometer |220 | 208 | 41'15, 5205| 626 | 675 
Siemens 5 .. |807 | 116°2 |1505 |202'2 |243 261°5 


Ratio of readings .. | 390] 390 39) 388| 388 387 


! 
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These tests show that the direct-current mode of calibration 
produces a scale which closely represents the relations between the 
magnitude of the alternating current and the reading of the pointer 
for the corresponding deflection. The effects of varying permeability 
and hysteresis do not seem to have altered the scale of the instrument, 
although the air-gap is a short one, and the hysteresis effects with 
direct-current working are considerable. 

The readings shown in Table I. are simply the first of four sets of 
readings taken at 9o and 30 cycles respectively. Readings werc 
taken every то divisions upwards from 20-70 for the first set at 9o 
cycles, then downwards from 70-20 for a second set; and for the 
third and fourth sets the observations were repeated at 30 cycles. 
Table II. shows the results, but only the ratios of the readings of the 
two instruments are given. It must be borne in mind that each ratio 
represents the mean obtained from three tests. The last two columns 
give the mean ratios obtained from the four sets of tests. 


TABLE II. 
RATIOS OF READINGS. MEANS. 
Reading. |= ———Á—— i RR 
Near. 
90 N go N 30 N 30 N) 90 N 30 N 
20 390 3°86 3°88 3°85 3:88 3°86 


30 3°90 3°92 383 3°85 3°91 3°84 
40 3:88 3'91 378 378 3°89 3°78 
50 3°88 390 | 3°81 378 3°89 379 
бо 3°88 3°88 378 3°79 3°88 3°78 
70 3°87 3°74 3°87 3°74 


The experimental conditions could not be kept as steady as was desir- 
able in such a test, but the numbers in the above table are sufficient to 
establish the two following conclusions :— 

(1) The calibration of the instrument by the direct-current method 
yields a scale applicable for alternate currents of any frequency, 
and is such that the scale reading is proportional to the square of the 
alternating current producing the corresponding deflection. This 
follows from the fact that all the numbers in any one of the columns 
of Table II. are essentially equal. 

(2) The constant to be used with such a scale varies slightly with 
the current frequency in the case of the instrument tested. This 
can be seen by comparing the numbers in any row of Table II. 

The numbers given in the table denote the ratio of the reading of 
the Siemens dynamometer to that of the iron-cored instrument. 
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The sensitiveness of ‘the latter is thus greatest when the ratio is 
least, that is when the frequency is low. But it will be seen that the 
variation is small. Thus taking the readings near 40 divisions as 
typical, the constant varies from 3:895 to 37780, ог 2:96 per cent., but as 
the readings represent the square of the current, the error in estimating 
the current strength is only half this, or 1:48 per cent., and this for a 
change in frequency of 9o to 30 cycles. For all ordinary changes in 
frequency to which an instrument would be actually submitted the 
change of constant would be entircly negligible. 

It must also be remembered that the instrument was, wound for use 
as a wattmeter, with a shunt coil of 1,000 turns, occupying nearly all 
the available winding space. An cxtra winding of 20 turns was 
provided for series working, the wire being of the same diameter as 
that of the shunt coil. It occupied less than 2 per cent. of the available 
winding space, and was not distributed in the best way to control the 
leakage factor, since it only covered a small portion of the magnet 
limb. The frequency error found, although negligibly small for 
practical purposes, is far too large to be accounted for by the lag in 
phase produced in the moving-coil circuit due to inductance, since the 
calculated amount of this phase error is far too small; but there may 
be an indirect effect of this inductance owing to the voltage induced in 
the moving-coil circuit by the changing magnetism of the electro- 
magnet; there is also a possible calibration error due to variation of 
leakage factor since the series coil only covered a small portion of the 
core, and the scale was prepared from direct-current tests using the 
shunt winding for excitation. To further test these points, the shunt 
winding of 1,000 turns was used as a series coil, and was put in series 
directly with the 10 turns of the moving coil, thus forming a dynamo- 
meter suitable for very small currents. Some difficulty occurred in 
finding a suitable instrument to test the action of this dynamometer 
for small alternating currents up to about 50 milliamperes, but ulti- 
mately a Weston dynamometer voltmeter, made by Messrs. Elliott, 
was found to answer. "This instrument read up to 60 volts, and had a 
resistance of 1,074 ohms, so that the readings on the scale of volts 
denoted currents approximately in milliamperes, and were accurately 
proportional to these currents even if the resistance of the coils 
increased due to heating. 

The two instruments were put in series and tested with alternating 
currents of frequencies 40 cycles and roo cycles. ‘The current was 
adjusted to get about the same deflection in each test. "Three sets of 
tests wcre taken, the first at roo cycles, the second at 40 cycles, and 
the third at 100 cycles. Each of the numbers given in Table III. is 
the mean of many observations, and is given to the fourth significant 
figure, though of course it was not possible to read any single observa- 
tion to such a degree of accuracy. | 

The dynamometer constant was obtained in each case by dividing 
the reading of the Weston instrument by the square root of the cor- 
responding reading of the iron-cored instrument. The greatest 
difference of constant found for a range of frequency of 40 cycles to 
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TABLE III. 


| Weston voltmeter ... sks 46°30 | 46°07 45°63 | 
| Iron-cored dynamometer... | 32°07 32°00 | 3127 | 
| Frequency ...  ..  .. тоо | 40 | 100 | 
Dynamometer constant ... 8177 8'147 | 8:160 | 


---- --- — - -- -- een ies — للم‎ — —— — — — —À --— 


тоо cycles is only one-third of 1 per cent., and is within the error of 
reading of non-reflecting instruments with scales of ordinary length. 

In the writer's opinion there can be no reasonable doubt that it 
is possible to construct accurate iron-cored ammeters for alternate- 
current working, and that their indications can be made independent 
of the effects of hysteresis and of variations in permeability, frequency 
and wave-form. The scale readings can also be controlled by suitably 
shaping the air-gap in accordance with well-known principles. 


VOLTMETERS. 


The electromagnet of a voltmeter must necessarily be used as a 
shunt to the mains, and as its inductance will be large, the magnetising 
current will for all usual frequencies be nearly in quadrature with the 
voltage producing it. At first sight this may seem a disadvantage, but 
closer attentiqn will show that it renders the problem simpler. Refer- 
ring to Fig. 3, if V is the voltage causing the magnctising current А, in 
the field coil F, we have— 

V=ran +a“ B 

dt 
where r is the resistance of the winding ; A B is the total magnctic flux 
in the field coil, and B is the flux density in a particular part of the air- 
gap. It is assumed that A is constant, or that the total flux is pro- 
portional to the flux density in the air-gap. 

The moving-coil current @ is produced by shunting a condenser of 
capacity K to the mains. If there is any loss of energy in this con- 
denser, we shall assume it is due to a leakage current of resistance К. 
We thus have— 


V „ay 
C= +K 


The complete theory is discussed in the Appendix. For the present 
we assume that the field magnet winding has been so designed that 
the copper drop rA,, is a negligible fraction of V. If we put r equal 
to o, we have— 

d B 


V= 7). 
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Now the torque acting on the moving coil is proportional to— 
I | E 
- | BC dt, 
T Jo 


where T is the periodic time. 
If we substitute for { this becomes— 


T T T 
1 ү ау _ be K dV 
feia = кв vae ата 
0 0 


0 P 


T T 
dB 
[ата] айа =» 
о | . vo 


Since B and B? are cyclic functions of Period T, also if we integrate 
by parts we find— 


T AT 
d T i d 
Г ао | ева yita 
0 | o з о. 


since the product BV is a cyclic function of period т. Hence the 
torque is measured by | 


since 


Hence the torque is proportional to V?, the mean square of V through- 
out the period ; and this is true, whatever the frequency or wave-form, 
however leaky the condenser may be, and whatever the permeability 
or hysteresis characteristics of the iron. The instrument can be cali- 
brated like an ordinary dynamometer voltmeter. In order to make the 
copper drop 7 A, negligible compared with V, we want to increase the 
inductance of the coil as much as possible. This implies a narrow air- 
gap, a most welcome condition, since the narrower the gap the easier 
it is to increase the flux density and to secure a sensitive instrument. 

The more complete theory given in the Appendix shows that the 
error in reading the volts, as compared with the true voltage ee 
assuming no phase errors, is given by the formula— 


e=}0, [0, + 0, + 6.1, 
where 6, is the phase error due to the resistance or copper drop ; 
Ө, " " 5 hysteresis in the iron ; 
б p condenser power-factor ; 
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6, can easily be reduced to 1 per cent. of a radian for ordinary frequen- 
cies. The instrument indicated in Fig. 6 has a copper drop of this value 
for currents having a frequency of so cycles per second. 60,15 numeri- 
cally equal to the power-factor of the condenser, and in ordinary cases 
may be taken as 2 per cent. 0, is a quantity more difficult to forecast. 
Its value for electromagnets having short air-gaps will usually vary 
from 5 to 20 per cent. The value of ein the above formula thus works 
out, in general, to about 1 part in 2,000, and is unreadably small. 
Moreover, it is only the variation of this quantity which has to be con- 
sidered as an error. None of the above phase errors varies with the 
voltage to any appreciable extent, so that the instrument constant once 
determined will be correct. No variations of frequency or wave-form 
can alter ғ sufficiently to cause an error in the reading. In fact 0, and 
0. are independent of frequency, and almost so of wave-form, while 6, 
diminishes as the frequency increases ; so that the presence of har- 
monics in the wave-form will tend to diminish e. 


VOLTMETER TEsTs. 


The numbers given in Table IV. show the result of an early set of 
tests made on an iron-cored instrument connected up as a voltmeter, 


TABLE IV. 
кымыз шаты лс = = NEUE жолын 
f V D | JD VI JD 
зш " cries arcup eS Dee 

100 go 106 10°3 8°74 
» 791 805 898 8°75 
» 64 53 7:28 8:79 
» 543 375 612 8:86 
, 44 21 4`58 903 
80 331 35 3°67 9 
^ 467 276 | 5:26 8:89 
» 68 61 782 8°71 
" 79 82 906 8°72 
» 88 IOI ІСО 8%5 
35 482 30 54 8:50 
, 493 31 557 885 
» 707 6677 917 8:67 
m go 105 10°25 8:78 
» 923 110 10°5 6:80 


asin Fig. 3. This instrument was constructed of stampings shaped as 
shown in Fig. 8. The magnetising coil consisted of одо turns, and the 
moving coil of 6o turns. The resistance of the former was 2:53 ohms, 
and the magnetising current for 98 volts at 80 cycles was 0:178 ampere, 
so that the copper drop was 0'46 per cent. at 80 cycles, or about 0°74 
per cent. at 5o cycles. The condenser used was a standard of half- 
microfarad capacity. The instrument was compared with a hot-wire 


436 SUMPNER: NEW IRON-CORED INSTRUMENTS 


voltmeter reading to about 120 volts, and provided with a mirror to 
enable the position of the pointer to be more accurately read. Tests 
were made at different parts of the scale for current frequencies of тоо, 
80, and 35 cycles per second. In the table, f denotes the frequency, V 
the reading of the hot-wire voltmeter, and D the deflection of the iron- 
cored instrument. The last two columns show the calculated values of 
A/D and of У/ 4/0 respectively. The numbers obtained for the last 
quantity should be constant if the instrument is correctly calibrated, 
and if this acts accurately for different frequencies. A direct-reading 
dynamometer scale had been prepared for the iron-cored instrument on 
the basis of a.calibration by direct currents. This was such that a 
deflection of 80 degrees was marked 80, and other deflections in 
accordance with the calibration. The air-gap was such that the 
deflection in degrees was nearly proportional to the corresponding 
scale marking, and the instrument had a working range of over 
120 degrees. 

At the time these observations were made they were regarded as 
quite satisfactory, since V was merely plotted against A/D, and the 
points were found to lie closely on a straight line. When later the 
values of V] ./D were worked out, the ratios obtained were not found 
in such close agreement as theory would lead one to expect. With 
one exception the only bad results are for low readings on the scale, for 
which neither instrument could be read very accurately. The above 
tests consisted merely of a few observations, and it was evident that to 
sufficiently test the effect of change of frequency it was necessary to 
eliminate observational errors and calibration errors in the instruments 
by taking a number of tests at about the same deflection for different 
frequencies. For this purpose the instrument illustrated in Fig. 6 
was used in conjunction with a standard condenser of 1 microfarad 
capacity. It was tested against a hot-wire instrument reading up to 
65 volts. A number of readings were taken, all in the neighbourhood 
of 50 volts, the means being as shown in Table V. 


TABLE V. 
Number of Tests |... | 5 E! 1 8 | 8 | 
| Frequency x | 37 | 9o . 9o 37 go | 
| Voltage V... e. | 50'1O0 50'55 5015 50°25 50°60 | 
Reading Р eget] 35922 528 ! 520 5273 52:6 
VND .. .. 6934 6956 6953 | 6948 | 697. 


The mean values obtained for V/./D for the frequencies 37 and go 
cycles are respectively 6941 and 6'962—a difference of only о 
per cent. 
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To further test this question a common condgnser of about 3 micro- 
farads capacity was used with the instrument of Fig. 6. А hot-wire 
voltmeter reading to 30 volts was used as the standard, and a large 
number of tests were taken in the neighbourhood of 29 volts. The 
results are summarised in Table VI., only the mean of the readings 
being given for each set of tests. 


TABLE VI. 
Number of Tests .. — .., — 6 | 10 | 8 
| Frequency 5% dase, 37 go 37 
Voltage V T ad | 28:58 28:78 29:08 
Reading D | 49°75 50°21 51:25 
V] JD 4052 4061 4061 


In these tests the values found for the ratio V/ ./D only differ from 
the mean by 5 parts іп 4,000, or by o'12 per cent. for a range of fre- 
quency of 37 to 9o cyles. The difference is in the same direction as 
that found in the tests of Table V. But the differences found in the 
two sets of tests are exceedingly small. The deflection of one of the 
instruments was only about 5 inches measured along the scale, and 
0'2 per cent. of 5 inches is only one-quarter of a millimetre. The tests 
thus only prove that the frequency error is too small to be read on 
any ordinary non-reflecting instrument ; and this conclusion is quite 
in accordance with the theory above given, which indicates that the 
error cannot exceed I part in 2,000, or 0°05 per cent. 


WATTMETERS. 


The electromagnet for a wattmeter may be used in series with, or in 
shunt to, the mains. In either case the phase errors must be reduced 
to much smaller values than are necessary for ammeters and voltmeters. 
If the small phase error be 0, the wattmeter, instead of reading the true 
value 


will read 


V A cos $, 
V A[cos ¢ — Ө sin ¢], 


where cos $ is the power-factor, and ф is negative for leading currents. 
For wattmeters of the series-magnet type 0 is negative, but is positive 
for shunt-magnet instruments. Thus for lagging currents the series- 
magnet instrument will read high, and the shunt-magnet instrument 
low. The percentage error will be 0 tan $, but the error as a reading 
will be 0 sin ф in terms of the deflection produced by the same current 
and voltage assuming a non-inductive load. If the phase error 0 of the 
wattmeter be 1 per cent. of a radian, and if the load be roo volt- 


Vor. 86, 29 
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amperes, the numbers, in Table VII. show the errors for different 
power-factors. | | | | 


TABLE VII. 


WATTMETER ERROR FOR A LOAD OF 100 VOLT-AMPERES 
(FOR A PHASE ERROR OF I PER CENT. OF A RADIAN). 


Сов ф. 100 COS ф. 100 Өсіп ¢. : Ө {ар ¢. 
Power-Factor. True Watts. Error in Watts. | Error per Cent. 
го 100 O'OI .O'OI 
o 99 044 049 
о 80 0°60 075 
0707 707 0'707 1°00 
о бо 0'80 1°33 
о5 50 |. 7 1°73 
04 40 0'92 230 
о3 30 0°95 3°17 
02 20 0°98 4'9 
O'I IO 099 09 
0°02 2 070008 50'0 


It will be seen that the error as a reading is fairly constant except 
for high power-factors, and the error per cent. increases, as the power- 
factor diminishes, maifly because the true reading itself diminishes. 
For most commercial instruments the full scale reading is only produced 
for the full load current at the normal voltage, assuming the load non- 
inductive. Hence, if the phase error @ is 1 per cent., the error as a 
scale reading can never exceed 1 per cent. of the scale length, however 
low the power-factor. Also the error per cent. is numerically equal 
to 9 for a load of power-factor 0'707, for which tan ¢ is unity. Thus 
the phase error 0, reckoned as a percentage of a radian, is a good 
general measure of the wattmeter error. 

For the series-magnet type of wattmeter it is difficult, if not im- 
possible, to reduce the hysteresis phase error to т per cent. without 
increasing the air-gap to such an extent that the advantage of an iron- 
cored instrument is entirely lost. For shunt-magnet instruments 
it is, however, much easier to bring about this result, and the shorter 
the air-gap is made the smaller the resulting phase error will be, so 
that the condition for accuracy is the same as that for securing a 
sensitive instrument. A current transformer must be used in con- 
junction with the shunt type wattmeter, and, if this transformer is 
to have an iron core, or shield, to protect its coils from the action of 
stray fields, the hysteresis difficulty of the series-magnet again crops up. 
But the object to be attained is now very different. With a moving- 
coil instrument the reason for nearly closing the air-gap is to secure a 
strong field. For the transformer a strong field is not necessary. 
Indeed, ample sensitiveness can be secured without using iron at all, 
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since the power absorbed by the current in the moving-coil circuit is 
minute in the extreme. The iron is only needed to shield the coils 
from stray fields, though it is also advantageous in reducing the size 
of the transformer. It is thus possible to have a large air-gap and to 
sufficiently diminish the hysteresis phase error. 

Two interesting wattmeters having iron-cored electromagnets of 
the series type have recently been described. One of these is Dr. 
Drysdale's instrument, made by Messrs. Nalder Bros. (Electrician, 
vol. 55, p. 472), and the other is due to Signor C. Olivetti, of Milan 
(Electrician, vol. 54, p. 1050). 

The length of the magnetic circuit in the former instrument appears 
to be about thirty times the length of the air-gap. In the latter instru- 
ment this ratio is stated to be about 12. The writer has no in- 
formation as to the magnitude of the phase errors of these instruments, 
but a large number of tests made on several transformers having iron 
cores with air-gaps have led to the conclusion that the air-gap should 
be greater than those corresponding with the above ratios. Of course 
everything depends upon the degree of accuracy aimed at. 

The theory of the shunt-magnet wattmeter has already been given 
(see Фоитпа!, vol. 34, pp. 167-170). The phase error @ is given by the 
formula— Ж. 

= 6, + 0, + 0, 
where 


6, is the phase error due to resistance or copper drop, 
0, 4 РА » inductance of the moving-coil circuit, 
0, . T »  hysteresis in the transformer. 


The equation is really a vector equation ; 0 cannot be greater than 
the numerical sum of the three phase errors mentioned, but it may 
be less. 

The phase error 0, due to copper drop can easily be determined 
for any instrument, by measuring (1) theresistance r of the magnetising 
coil, and (2) the current A,, produced through this coil by a voltage V 
alternating at any known frequency. Thus for one of two instruments 
constructed of stampings shaped as shown in Fig. 6, ғ was 3:07 ohms, 
and 95 volts at 81 cycles produced a magnetising current of 0'21 ampere. 
0, for 81 cycles works out to Бе о68 per cent., and can be easily 
calculated for any other frequency from the fact that it is inversely 
proportional to frequency. The value of 0, at 50 cycles was found to 
be r'r and 1°08 per cent. for two instruments made in accordance with 
Fig. 6, and about 0°73 per cent. for each of three instruments made in 
accordance with Fig.8. An instrument made in accordance with Fig. 7 
was found to have а copper-drop error of only о-5 per cent. at 50 cycles. 
The instrument indicated in Fig. 9 has not yet been constructed, but 
this design is such that large polar extensions are possible, and the 
portion of the air-gap not traversed by the moving coil can be made 
very narrow. 

The value of 0, can be reduced by diminishing the length of the 
air-gap, and by increasing the section of the gap as compared with that 
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of the core either by extending the poles as in Fig. 7, or by expanding 
the pole-pieces, as shown in Figs. 8 and 9. 

In Figs. 6 to 9, and also in Figs. 11 to 18, unshaded areas denote 
iron stampings, while shaded areas represent the section of the 
winding. The diagonal shading is of two kinds to indicate the direction 


Fic. 8. 


Етс. 9. 


of the current. Joints in the magnetic circuits are indicated at J, 
butt joints by full lines, and broken joints by dotted lines. These 
joints are important both from a constructional point of view, and from 
the magnetic reluctance they represent. 

The phase error 0,, due to the inductance of the moving-coil circuit 
is L#/R, where L is the. coefficient of self-induction, and R the resist- 
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ance of this circuit, and where f is the currént frequency multiplied 
by 2x. The moving coil in the instruments made consisted of very 
few turns, so that L was almost entirely due to the self-induction of the 
secondary of the current transformer. Assuming no magnetic leakage 
between the primary and secondary coils of the latter, it can easily be 
proved that— 

Lp п,а; 


b= aR Tma 


where a, and a, are the primary and secondary currents, and n, and n, 
are the primary and secondary turns respectively. The value of 0, is 
thus the ratio of the ampere-turns associated with the secondary and 
primary circuits, and this ratio must be kept low. There is no difficulty 
with air-core transformers in reducing it to less than 02 per cent. 
With a transformer having an iron core with an air-gap, the conditions 
for sufficiently reducing the hysteresis error are such that the ratio of 
the ampcre-turns must in nearly all cases be much less than the figure 
just given, and hence Ө, can be neglected for such transformers if the 
hysteresis error has been reduced to reasonable values. The simplest 
way to find the value of 0, in the case of a transformer is to calculate 
the ratio of the ampere-turns used in the two circuits for a particular 
non-inductive load. The value of n,/n, is known, a, the load current is 
observed, and a, can be calculated from the deflection of the wattmeter 
on a non-inductive load, and from the applied voltage and current 
frequency, since the calibration of the instrument by the direct.current 
method gives for any deflection the product of the magnetising and 
moving-coil currents, and this product will be very closely the same for 
alternating currents as for direct ones. | 

The phase error due to inductance can with ease be reduced 
to a negligible quantity. In the six 
instruments as yet constructed the lowest 
value attained for the phase crror due 
to copper drop has been o'5 per cent. 
for currents at 50 cycles. But the way 
to further reduce this error is quite clear. 
The air-gap can be extended in cross 
section as in Fig. 9, and its length from 
iron to iron can be greatly reduced in 
that portion of the gap not traversed by 
the moving coil. The weights of iron 
and copper used for the magnet can also 
be increased, and in this way the copper drop error can be reduced to 
any extent desired. 

But the reduction of the phase error 0, due to hysteresis in the 
current transformer, proves to be a much more difficult matter. The 
complete theory of this phase error is complicated, and is dealt with in 
the mathematical appendix. 

The controlling factor is the loss of energy in the iron. If the 
vectors representing the magnetising current A, the flux of magnetism 
N, and the voltage V,,, be denoted by the lines so marked in Fig. 10 


N 
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the vectors Ұ, and N are always perpendicular to each other, since V,, 
is proportional to N, the rate of change of N. If ф and 0 are the angles 
between the vector A, and the vectors V,, and N respectively, these 
angles are complementary except for extraordinary wave-forms, for 
which the vector A lies outside the plane determined by V,, and N. If 
the three vectors cannot be regarded as coplanar, it follows from solid 


geometry that 0, is grealer than = — ¢. Thus, if we can determine 


ф we can find the minimum value of the phase error 6, Now cos ¢ 
is the power-factor of the magnetising current, assuming the resistance 
of the magnetising coil is negligible. Thus if we know w the watts lost 
in the iron duetothe application of a voltage V producing a magnetising 
current A, we have— 


Cos ¢ = A 


and from this the minimum value of 0, can be found. 

The electromagnet of the wattmeter illustrated in Fig, 6 was tested 
for iron losses by a method which eliminated: from the measurement 
the losses due to the resistance of the winding (see Fournal, vol. 34, 
p.154) The test'showed that the iron losses at 100 volts 100 cycles 
amounted to 4'2 watts, corresponding with 2:1 watts at Şo volts and 
50 cycles. The magnetising current for 94 volts at 81 cycles was o'21 
ampere, or o'181 ampere for 50 volts at 5o cycles. Hence— 


Cos ф = == 2. 


50 X ‘181 
and this is the minimum value of sin 6,. 

It follows that 0, exceeds 13 degrees, and is about 23 per cent. of a 
radian. It would thus be hopeless to use the electromagnet of Fig. 6 
for a wattmeter of the series type, since the phase error 0, must for 
accurate working be reduced to less than 1 per cent. of a radian. 

The length of the magnetic circuit illustrated in Fig. 6 is roughly 
130 times the length of the air-gap. The phase error 0, of an electro- 
magnet intended for series working can only be reduced by increasing 
the length of the air-gap or shortening the iron path of the lines. For 
a given mass of a particular kind of iron,* magnetised to the extent 
desired, by means of an alternating current of fixed frequency, the loss 
of power, w, is an irreducible minimum. The product V A is indepen- 
dent of the number of turns used in the coil if the length of the air-gap 
is fixed. 

For a given winding, and flux density, V is fixed as well as w, so 
that the only way to reduce cos ф and sin 0, is by increasing the air- 
gap, and making it necessary to have a large number of ampere-turns 
to produce the required flux density. This consideration tells against 
the use of the series-magnet for a wattmeter, since with a large air-gap 
the advantage of an iron core is largely neutralised. It also implies 
that the current transformer for an instrument of the shunt-magnet 

* All the iron used for the transformers and instruments referred to in the present 


paper was obtained from Messrs. Sankey, of Bilston, and consisted of stampings of 
their insulated Lohys iron. 
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type should, if an iron core be used, have an air-gap certainly not 
less than one-tenth of the length of the magnetic circuit. 

For portable standard instruments, and for ordinary test-room work- 
ing, it is quite unnecessary to use iron-cored transformers. Magnetic 
disturbances can easily be avoided in such cases, and the readiness with 
which an air-core transformer can be constructed for any required 
range of currents is a great convenience for ordinary laboratory pur- 
poses. For switchboard work a shielded transformer is desirable, and 
this is quite possible to make for accurate work if not constructed on 
too small a scale. It is possible to make one amply sensitive, and as 
small in size as a cubic inch, for any ordinary current range. But to 
reduce the hysteresis phase error, it is necessary to provide sufficient 
space for a primary winding suitable for from 500.to 1,000 ampere-turns 
for full-load current, and to pay due attention to the ratio of the length 
of the air-gap to that of the magnetic circuit. 

The investigation of these iron-cored transformers, of which a 
dozen have been made to different designs, has proved a long 
and troublesome matter. The various tests made upon them have 
occupied far more time than that spent in testing all the instruments 
mentioned in the prescnt paper. Considerations of space prevent more 
than the briefest allusion to the experiments made upon them in con- 
nection with the tests given below. 

The chief points to be noted about these transformers are illustrated 
in Figs. 11 to 18. The expanded pole area of the air-gap in Fig. 11 
ensures a magnetic circuit of constant reluctance. In one transformer 
of this type the reluctance was found constant to 1 part in 1,000 for a 
current range of ro to r. But the hysteresis phase error was far too 
large. On cutting off the polar extensions, as in Fig. 12, the phase 
error was much reduced, but was still found too great, and it was 
also found that the reluctance was not sufficiently constant. This was 
also the case, though not to such a marked extent, for the transformer 
shown in Fig. 13, in which only the inner air-gap was surrounded with 
wire. The leakage factor is sufficiently controlled by surrounding all 
three gaps with wire as in Fig. 14, but this design is rather wasteful in 
copper. А greatly improved design is shown in Fig. 15, in which the 
side gaps are closed up and the centre gap correspondingly lengthened. 
Another form of this construction is shown in Fig. 16. This requires 
less copper than that of Fig. 15, but, on the other hand, the centre gap 
must be lengthened as the pole area is extended, so that more iron is 
required. The best shielded type of transformer is shown in Fig. 17, 
and the most accurate type of all is the ironless unshielded form shown 
in Fig. 18.* Air-core transformers can readily be made without 
involving appreciable heat loss, or impedance ; and they can much 
more easily be placed in a position free from the action of stray fields 
than the equally unshielded wattmeters usually found on switchboards. 
It is also possible to construct air-core transformers so as to be 

* In this connection it is important to note that accurate commercial wattmeters 


of the series dynamometer type have their coils either unshielded as in Fig. 18, or 
simply surrounded by a shell of laminated iron as in Fig. 17. 
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unaffected by stray fields, either by winding them as endless solenoids, 
or as long solenoids with ends magnetically short-circuited by a few 
strips of thin iron. In some cases the “kicking coil" used for lighting 
protection might possibly be further utilised in this way. 


WATTMETER TESTS. 


The figures in Table VIII. show the result of some early tests made 
on the wattmeter of Fig. б, to investigate the effect of change of 
frequency, /, and voltage, V, for non-inductive loads. The standard 
instrument used was а Mather-Duddell wattmeter with 9,000 ohms іп 
series with its pressure coil. The readings of the instrument are shown 
in the column headed M.D.W., and those of the iron-cored wattmeter 
in that headed I.C.W. The scale of the Mather-Duddell instrument 
reads тоо divisions for a complete revolution. Some of the current 
readings, taken with an ordinary ammeter, are given in the column 
headed A. The important readings were those of the two wattmeters. 
These readings were taken with care, and each number given 
represents the mean of three tests. The ratio of the readings is shown 
in the last column. 


TABLE VIII. 
/ A у M.D.W. LC. W Ratio 
| SN pc d Ee HESS 

3075 8:2 38 362 384 1'062 
42 8:0 50 46:6 493 1'058 
42 ғо 50 461 499 го6б3 

53 58 63 458 487 гоб 

(05 59 66 475 5073 1'05 
5 бй 103 337 354 1'050 
965 115 430 454 1055 
97 x 117 433 450 1'053 
97 86 42:8 452 1'056 


In these tests it will be seen that in round numbers the frequency 
varied from 30 to 100 cycles; and the voltage from до to 120 volts, and 
that the constant of the instrument was not effected to any appreciable 
extent. 

The current transformer used in these and the immediately suc- 
ceeding tests had an iron core with two air-gaps in series. Its 
construction is represented by Fig. 14. The primary winding had 
nearly 200 turns. The secondary winding was of 40 turns, and was 
put in series with the moving coil and with a resistance of 120 
ohms. The number of ampere-turns used with the primary winding 
was large and well over 1,000 in all the tests. The result of a com- 
parison of the same two instruments on inductive and non-inductive 
loads is next given. A small rotary converter with six slip-rings was 
supplied with direct-current power, and used to produce the alternate 
voltages required. The voltage circuits were in some tests supplied 
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from the same slip-rings as the load current, and in others from 
a separate pair of slip-rings. The phase difference of the voltages 
produced at the two pairs of slip-rings was carefully measured and 
found to correspond with а power-factor of 0'298, and this was taken 
to be the power-factor of the load current in reference to the voltage 
used for the pressure circuits. The frequency was kept constant 
at 50 cycles. The load consisted of a bank of lamps in series with the 
primary of the current transformer, and the series coils of the Mather- 
Duddell instrument. | | 

Five sets of readings were taken for loads alternately non-inductive 
and inductive, Each set consisted of three or four tests all at about 
the same deflection. The mean values found for the ratios of the 
readings of the new instrument and the standard were successively 

1'076, . .  r'120, . 3:073, « І°113,.  .1'072. 
The means of these are 1:074 and r'116, differing by 3°76 per cent. 

The power-factor сов ф being o'5, for which tan ¢ = 3'17, the total 
phase error obtained by dividing 3°76 by 3:17 works out to be то 
per cent. of a radian. Now the copper drop in the magnetising coil 
at 50 cycles accounts for 1700 per cent., and the phase error. due to 
the inductance of the moving-coil circuit was calculated, from the 
known ratio of the ampere-turns, to be 0:034 per cent., leaving only 
about оо7 per cent. as the phase error due to hysteresis. The result 
was regarded as most satisfactory until, some months afterwards, the 
figures were critically examined, in consequence of subsequent tests, 
which revealed the difficulty of attaining such small errors with iron- 
cored transformers. The inductance of the primary of the trans- 
former was investigated, and found to be sufficient to produce a small 
phase error, which although not important as regards the tests of 
Table VIII. (and indeed only such as to bring the readings at high 
frequencies into closer accord with those for low írequencies) was 
sufficient to produce a sensible effect on loads of low power-factor. 
It so happened that the slip-rings chosen for the current circuit yielded 
a voltage Jeading in reference to that supplied by the slip-rings used 
for the pressure circuits of the instruments. This, though not suspected 
at the time the tests were made, was evidenced by the fact that the 
new instrument gave relatively higher readings for the inductive than 
for the non-inductive load, showing (for instruments of this type) thatthe 
current was leading in reference to the voltage of the pressure circuits. 
The inductance of the transformer primary thus made the phase of 
the current approach that of the voltage, and the power-factor of this 
current was in consequence higher than o'3 corresponding with the 
phase difference of the slip-ring voltages. On repeating and confirming 
the tests, but measuring the power-factor from a comparison of the 
readings of the standard instrument with those of volts and amperes 
for the two loads, it was found that the total phase error, instead of 
being г'19 per cent. at 50 cycles, was 2°3 per cent. at that frequency. 
After allowing for the phase errors due to copper drop and inductance, 
there remains a phase error of about 1°2 per cent. due to the hysteresis 
of this particular transformer. | 
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The tests shown in Table IX. refer to the same wattmeter used 
with an air-core transformer, having 40 turns on the primary 
suitable for currents up to 15 amperes. The secondary consisted of 
100 turns, the inductance of which was such that for currents of 50 
cycles the value of Lp was 0°24, where L is the coefficient of self-induc- 
tion and pis 2 я/ or 100x. This coil has a resistance of 6-4 ohms, and 
was put in series with the moving coil (resistance 2:4 ohms) and an 
extra resistance of 37 ohms. The total resistance of the secondary 
circuit was 45:8 ohms, so that the phase error due to inductance was 
0'24/45:8, or 0°52 per cent. The phase error due to copper drop was 
1'09 per cent. for 50 cycles, so that the total phase error as calculated 
was 1°61 per cent. 

The instrument was tested against a standard Weston wattmeter 
suitable for currents up to 5 amperes. Different voltages and currents 
were used, but the power-factor of the load was maintained constant, 
either at unity, or at о5, by means of two coupled alternators in fixed 
phase relation. The frequency was kept constant at 50 cycles. The 
current was adjusted to give certain fixed readings on the standard, 
and the corresponding readings on the new iron-cored instrument 
(L.C. W.) were observed. Sets of observations were taken either at 
constant voltage or at constant current to test the calibration through- 
out the scale. In each case 3 or 4 readings were taken, the numbers 
given in the tabie being the means. The last column shows the ratio 
of corresponding readings of the two wattmeters. 


TABLE IX. 
| Power-Factor. | Volts. | Watts. | I.C.W. Ratio. 
pon 
I'O | 101 | 240 | 40715 "1675 
» » i 200 | 33°05 "1652 | 
v Ө | 160 267 "1670 | 
» ӛз | . 120 | 20'0 1666 
5 ; " 80 | 133 *1660 
» » 40 | 7О Е 7175 
» » 240 | 39'9 ‘I66 
» ” 300 ! 497 105 
bi I20 240 | 39'9 "1665 
» | IOI'5 200 | 331 1655 
5 ' 82 1бо 26:8 "1675 | 
" 625 120 | 2071 "1075 | 
» 44 80 j 1372 "1652 | 
e 23 40 6°75 1685 
о5 103 240 412 71715 
- m 200 341 1705 
| " » 160 27`4 1712 
» " 120 205 1710 
- | js | Зо 137 1713 | 
| V | p | 40 72 1800 
» | 52 160 274 1712 
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Except for the low readings the ratios found are very consistent for 
constant power-factor. It should be remembered that the readings of 
the I.C.W. depend upon a direct-current calibration and approximately 
give the deflections of the pointer in degrees, the reading being 40 
for exactly 40 degrees. If all the readings for less than 100 watts be 
disregarded, it will be found that the means of the ratios in the last 
column are o'1665 and o'1711 for the two sets of readings. These 
numbers differ by 46 in 1665 or by 2°76 per cent. Now for a power- 


factor cos ф —0'5 the value of tan ¢ is 4/3 or 17732, and if we divide 2°76 
by 1°732 we find the total phase error to be 1:592 per cent. The value 
calculated above from the measured values of the copper drop and the 
inductance is 1°61 per cent., in almost perfect agreement. Such close 
coincidence is no doubt somewhat accidental, especially since the 
power-factor of the load was not very carefully measured; but a large 
number of tests have been made at various times on the wattmeter in 
conjunction with air-core transformers, and the agreement between the 
phase errors as predicted and as determined from the readings of the 
wattmeter, has always proved satisfactory. 

The tests shown in Table IX. were immediately succeeded by 
others on the same two instruments, but with an iron-cored trans- 
former like Fig. 12 used in place of the air-core transformer. The 
primary turns were 80 in number, and the secondary coil contained. 
30 turns having a value for Lf equal to 0°053 at 50 cycles. The same 
external resistance of 37 ohms was used as with the former transformer, 
the total secondary resistance being about 41 ohms, so that the induct- 
ance phase error was o'13 per cent. Тһе copper-drop error was 1°09 
per cent. as before, so that the phase error (apart from hysteresis) 
amounted to 1°22 per cent. 

А complete set of tests similar to those in Table IX. was made on 
the two instruments under these conditions. The results plotted 
excellently on two straight lines connecting the reading of the I.C. W. 
with the true watts. One of these lines represented the tests for unity 
power-factor, and the other those for power-factor о5. By dividing as 
before the reading of the I.C.W. by the corresponding reading of the 
standard in watts, two sets of ratios were obtained. The means of 
these were 0'255 and 0278, differing by 23 in 255, or by оо per cent. 
On dividing by 1'732 as before to get the total phase error we obtain 
5:2 per cent. as this quantity. The phase error due to inductance and 
copper drop is only 1°22 per cent., so that the hysteresis phase error is 
about 4 per cent. It is difficult to obtain any confirmation of this 
number except, as shown in the Appendix, by comparing it with 
measurements of the residual magnetism properties of the magnetic 
circuit of the transformer. The remanence ratio for this transformer 
was afterwards tested and found to be 4 per cent. at 1 ampere, 2:5 
per cent. at 3 amperes, and 1 per cent. at то amperes. The currents 
used in the alternating tests varied from о'5 to 3 amperes. 

In another set of tests an iron-cored transformer like Fig. 13 was 
used, having a primary of 207 turns and a secondary of до turns. The 
inductance and resistance of the secondary circuit were such that at 
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50 cycles the phase error was 0°33 per cent. The same iron-cored 
wattmeter (Fig. 6) was tested against the Mather-Duddell standard, 
on circuits provided by two coupled alternators run at 50 cycles, and 
supplying currents in some tests leading, and in others lagging, in 
regard to the voltage used for the pressure circuit. The current was 
kept at about 5 amperes, and the voltages were varied from 50 to 150 
to produce about the same deflections in all the tests. The essential 
results are shown in Table X. The columns show in succession— 
(1) whether the current was lagging or leading, (2) the power-factor 
cos ¢ calculated from the ratio of watts to volt-amperes, (3) the ratio 
of the wattmeter readings, (4) the percentage error of the constant of 
the new instrument as compared with its constant for non-inductive 
loads, (5) the value of tan $, (6) the ratio of the percentage error to 
tan $, or the total phasc error. 


TABLE X. 
Y eas ee 

Current State. | Power- Factor. Redne E ‘Cent. Tan е. Emor 

‚ Non-inductive . " I'O 1°20 о о о 
| Lagging... 031 , 131 9'17 3°28 2:80 

| 

| 5 o785 | 1722 1°67 0°79 2°12 
Leading... 0°47 | 1145 | —4'58 | —r87 2°46 
й %ы go | 1185 , —r25 |-о4% | 259 
! » NE 0755 ^ 16 | —283 | —o87 325 


| | 
The numbers іп the last column should be the same, but the 
difficulty of measuring these small errors must be borne in mind, and 
also the fact that only single observations were taken, so that the 
numbers given do not represent the mean of many tests as in previous 
cases. If the percentage errors be plotted against tan ¢ they will be 
found to lie very fairly on a straight line, the only bad point corre- 
sponding with the last test in the above table. The two tests most 
reliable arc those for low power-factor and for the high percentage 
errors 9:17 and 4:58, since small percentage errors are more difficult 
to measure accurately. The mean phase error calculated from these 
two tests is 2°63 per cent. The copper drop accounts for rog per 
cent., and the inductance error 15 0°33 per cent., leaving about 1°2 per 
cent. for the hysteresis phase error. The remanence ratio for this 
transformer for a current of 5 amperes was afterwards found to be 
оо per cent. 

Another set of tests was taken with tne same instruments as above 
with a non-inductive resistance in series with the shunt-magnet coil of 
the iron-cored instrument in order to artificially increase the copper 
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drop. The amount of this resistance was such as to increase the 
copper-drop error to 6'24 per cent. at 50 cycles. A number of tests 
were taken on loads of power-factors varying from 0:6 to o'8, and 
compared with tests made on loads of unity power-factor. The 
percentage errors found were plotted against the corresponding 
power-factors, and from the curve so obtained the value of the per- 
centage error for power-factor 0:707 was read off. This was found to 
be 7°35 per cent. The phase errors due to copper drop, and induc- 
tance, are 6:24 per cent. and 0°33 per cent. respectively, the sum of 
these numbers being 6°57 per cent. The difference is only about 
0:8 per cent., and does not correspond well with the hysteresis phase 
error of r2 per cent. found in the preceding tests. But the tests 
could not, even with the greatest care, be taken so as to ensure 
accuracy.to a tenth of 1 per cent, and though the difference is 
probably to be attributed to errors in measurement, there is no 
necessary inconsistency. For the phase errors, as already pointed 
out, add up, not as mere numbers, but as vectors, and the vector 
difference being small compared with the two nearly equal large 
values 7°35 and 6°57, may easily differ appreciably from the numerical 
difference without assuming any considerable angular divergence 
between the vectors. It must also be remembered that the phase error 
due to resistance is always less than the ratio of the copper drop to the 
applied voltage, and the difference becomes noticeable if there is 
appreciable hysteresis in the iron, and if the copper drop is large. 

Numerous other tests made might be added, but those already given 
are sufficient to show that the errors of the wattmeter obey the formule 
given, and that the measured апа calculated values agree as closely as 
can reasonably be expected in view of the difficulties of the tests. 

A dozen iron-cored or air-gap transformers have been constructed 
to different designs, and each of these has been tested for hysteresis 
phase error. The values found have varied from about 8 per cent. to 
less than 1 per cent. of a radian, but in all cases its amount has been 
approximately equal to, though somewhat greater than, the corre- 
sponding value found for the remanence ratio of the transformer when 
considered simply as an electromagnet excited by a current through 
the primary coil. This remanence ratio, or remanence, is simply 
the ratio of the residual magnetism, on switching off the current, 
to the maximum magnetism produced by the current. The theory 
given in the Appendix shows that there is a close connection 
between the hysteresis phase error and this remanence ratio, and 
that the two quantities are approximately equal. The experimental 
tests quite bear out this theoretical result The amount of work 

* In some of the tests the values found for these quantities appeared to differ con- 
siderably, but this result was ultimately traced to a variation with current of the 
reluctance of the magnetic circuit of the transformer. When the leakage factor of 
this magnetic circuit is held constant by suitable winding, or better still by using 
expanded pole-pieces at the gap, the reluctance has always been found sufficiently 
constant. Іп one case with expanded pole-pieces the variation was less than 1 part 
іп 1,000 for a range of current of о to I. Unfortunately such polar extensions 


increase the hysteresis phase error. With large air-gaps and exposed iron surfaces the 
reluctance has sometimes been found to vary 3 per cent. for the same range of current, 


t 
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involved in testing these transformers and in finding the values 
of their phase errors, their induction constants, and their remanence 
ratios, has been considerable. The induction constants can quickly be 
determined by measuring with a hot-wire voltmeter the secondary 
voltage for a given primary current, or by making use of the known 
constants of the wattmeter and applying the formula given on p. 21. 
The measurement of the remanence, on the contrary, is quite as 
troublesome a matter as the determination of the phase error by means 
of careful tests of the wattmeter errors on loads of different power- 
factor. The remanence, being only of the order of г per cent., is 
difficult to measure with any accuracy by direct ballistic methods. 
It was done by using a compensation method, by constructing an air- 
core transformer having about the same mutual induction coefficient 
as the iron-cored transformer under test, putting the two primaries 
in series, and joining up the secondaries in opposition * in a circuit 
including a resistance and a sensitive ballistic galvanometer. The 
ordinary tests for a Ewing's hysteresis cycle could then be made and 
interpreted so as to determine not only the remanence, but also any 
slight variation, with current, of the reluctance of the magnetic circuit 
of the iron-cored transformer. "The tests were greatly complicated by 
the facts that the remanence varies considerably, and the reluctance 
varies slightly with the strength of the maximum current used for the 
cycle, and also by the fact, pointed out by Ewing, Searle, and others, 
that for comparatively low induction densities the influence of previous 
magnetic history is very great, and before a true cyclic state can be 
attained a large number of current reversals must be made. Unfortu- 
nately, published researches on hysteresis are of little use in the present 
connection. The induction densities practicable in these iron-cored 
transformers are necessarily low owing to the influence of the con- 
siderable air-gap, and the data hitherto published about the hysteresis 
of iron at low induction densities are not nearly sufficient to form any 
useful guide for the present purpose. The classical paper of Professor 
Ewing and Miss Klassen (Phil. Trans. 1893, p. 985), although published 
so long ago, still constitutes the most valuable general guide to the 
hysteresis properties of iron ; but in that research few tests were made 
for induction densities smaller than 1,000 C.G.S. units. It has been 
necessary in connection with these iron-cored transformers to make a 
large number of such tests, but they are not yet nearly complete, and 
limits of space prevent any allusion to them in the present paper. In 
the writer's opinion, however, there is no doubt that it is possible to 
construct these iron-cored transformers so as to have a phase error 


* The same arrangement of apparatus, but with an alternating current passed 
through the two primaries, was subsequently found to be most suitable for the direct 
determination of the hysteresis phase error, since this angle is the phase ditference 
between the two secondary voltages. The small angle required was measured by a 
special two-voltmeter method, with the aid of a delicate permanent magnet galvano- 
meter and a nonsynchronous rectifier, as described by the present writer in “ The 
Measurement of Small Differences of Phase," Phil. Mag., 1905, p. 155. The values 
obtained by tais method, for the hysteresis phase error of the different transformers, 
were in closer eement with those deduced from the wattmeter tests than the 
corresponding values found for the remanence ratios of these transformers. 
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well under 1 per cent. of radian. In fact, it is almost obvious that if 
the laminated iron is used simply as a shield to totally surround the 
air-core transformer as in Fig. 17, the hysteresis phase error must 
become negligible. 

The total phase error of wattmeters of the shunt-magnet type is 
easily reducible to less than 1 per cent. of a radian, and the instrument. 
error for loads of different power-factors will thus be less than those 
indicated in Table VII. 


PHASE-METERS AND IDLE-CURRENT AMMETERS. 


Suppose a wattmeter of the shunt-magnet type to have its moving- 
coil current generated, not by a current transformer, but by tapping a 
non-inductive low resistance in series with the main current as indicated 
in Fig. 19, in which F represents the field-magnet coil connected 
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across the mains, 5 the non-inductive shunt, апа R a suitable resistance 
to render the current C in the moving-coil circuit sufficiently non- 
inductive. The instrument will under these circumstances show no 
deflection at all on a non-inductive load, but for an inductive load of 
power-factor cos ¢ the deflection will measure 


V Asin ¢, 


where V is the voltage, and A the load current. The reading will be 
inversely proportional to the frequency, but for circuits of constant 
voltage and frequency will measure simply А sin ф, the inductive com- 
ponent of the current, or the “idle current ” as it is usually called. 

Instruments for this purpose are used under the name of idle- 
current ammeters, and are employed instead of phase-meters to indicate 
the inductive nature of the load. 

The theory and construction of phase-meters has been considered 
at length by the present writer in a paper recently published ( * The 
Theory of Phase-meters,” Proc. Phys. Soc. October 27, 1905, also 
Phil. Mag., January, 1906). In connection with the subject of the 
present paper it will suffice to state the chief results arrived at. These 
are as follow :— 

(i. Whatever may be the faults of phase-meters, not one of these 
need be due to the presence of iron in the magnetic circuits 
The use of iron in such circuits makes it possible to greatly 
increase the forces acting on the moving system, There is no 
counterbalancing disadvantage, | 
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(ii.) Phase-meters for multi-phase circuits, if once correctly 
calibrated, are accurate on balanced loads for currents of 
all frequencies and wave-forms. Any errors are due to 
mechanical or extraneous causes, and chiefly arise from 
friction and other disturbing influences when the electro- 
magnetic forces are feeble. 

(їп.) Phase-meters can be accurately calibrated for balanced 
multi-phase loads by a simple direct-current method of 
test. 

(iv.) The error of phase-meters on unbalanced loads may be very 
large. It is by far the most serious error to which these 
instruments are liable. It may make the instrument read too 
high or too low, by an amount depending on the differences 
between each of the load currents and the mean value of 
these currents. If calibrated to read the power-factor cos ф 
on balanced loads, the reading for loads which are out of 
balance will lie between the values cos ф + 0 sin ¢, where the 
phase error 0 is for most instruments approximately equal to 
the greatest fraction by which опе of the load currents 
diverges from the mean value of the currents in the 
mains. 


ELECTROMAGNETS FOR MOVING-COIL INSTRUMENTS. 


The series form of electromagnet, when worked .with direct 
currents, exhibits marked effects due to residual magnetism, magnetic 
history, and varying permeability. This is especially the case when 
the air-gap is small, a necessary condition for sensitive instruments. 
These characteristics, which are of course widely known and appre- 
ciated, have appeared to constitute such a formidable obstacle to the 
use of electromagnets for the purpose of accurate alternate-current 
instruments, that comparatively little attention has hitherto been 
devoted to the subject. Yet investigation shows that only for one 
instrument, the ammeter, is the series form of magnet necessary ; and 
that in this special case the hysteresis effects, which would be so 
serious for direct-current working, automatically cancel out in a most 
striking manner when alternating currents are used, while variations in 
permeability only affect the calibration of the scale. For the other 
instruments the shunt form of electromagnet is to be preferred. In 
this case the phase error of the magnet arises from an entirely different 
cause, and is wholly due to the resistance of the magnetising coil. The 
hysteresis of the magnet may be considerable, but the magnetising 
current and the copper drop are thereby only slightly affected. The 
magnetism is directly controlled by the voltage. The magnetising 
current has to adjust itself to the flux determined by this voltage. 

It is also remarkable that whether the series or shunt form of 
electromagnet be in question, the condition to be secured in the design 
is the same, so that, as shown above, the same instrument when suitably 
designed can be used indifferently as an ammeter, a voltmeter, or a 
wattmeter. This condition may be briefly summarised by stating that 

VoL. 36. 30 
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the ratio of the copper drop to the voltage corresponding with the 
inductance or impedance of the coil must be made a fraction 
sufficiently small, but not smaller than actually needed to reduce the 
error and heat loss in the instrument. In all cases it is advantageous to 
diminish the resistance of the coil (including connecting leads if for a 
shunt winding) as much as possible consistent with the number of turns 
used, provided the weight of copper is kept within reasonable limits ; 
but in some cases it is practicable to make the reluctance of the 
magnetic circuit too low, and the impedance of the coil too high, so 
that the current resulting from a given voltage applied to the coil is 
not enough to properly magnetise the magnet. Їп the case of the 
ammeter it is obvious that the lower the resistance the less the loss in 
the instrument, and the smaller the impedance the better so far as the 
effect on the circuit is' concerned. With all the instruments the 
minimum length of air-gap is fairly well fixed by the clearance needed 
for the moving coil, and the density of lines desirable in the gap is 
also fairly definite, so that the number of ampere-turns needed for the 
magnetic circuit, which is determined essentially by the gap, may be 
regarded as more or less a constant in all cases. For an ammeter of 
given range this consideration determines the number of turns to be 
used. To diminish heat loss it is desirable to make the wire sufficiently 
thick, and to economise material the magnetic circuit should only be 
made long enough to enclose the coil. It is also advantageous for 
another reason to fill up with copper wire the space corresponding with 
the inner boundary of the magnetic circuit, since under these circum- 
stances the leakage factor is held constant. It is always advantageous 
to diminish the copper drop, but there is no gain in increasing the core 
flux beyond that corresponding with the required flux density over the 
gap actually utilised by the moving coil While it is true that the 
copper drop should be reduced to a minimum, and that the inductance 
of the coil must be made large, it is also a fact that the latter quantity, 
and therefore the inductance voltage, may be made greater than is 
necessary or desirable. 

Consideration of the voltmeter leads to exactly the same mode of 
construction. For a given magnetic circuit the ratio of copper drop to 
applied voltage is independent of the number of turns, provided the 
same weight of copper is used for the coil ; but the number of turns 
will be fixed by the flux required, by the voltage and by the frequency. 
If the copper drop can be sufficiently reduced with a coil which does 
not occupy the whole of the available winding space, economy of 
material dictates that the length of the iron circuit should be reduced, 
with a corresponding decrease in the iron losses. On the other hand, 
if the copper drop is too large, the length of iron must be increased to 
provide room for thicker wire, or, if the iron losses are not too great, 
the flux density in the core can be increased by extending the pole- 
pieces at the gap. But if the phase error due to resistance has been 
made sufficiently small it is a disadvantage to further increase the in- 
ductance of the coil, since this means either an unnecessary amount of 
iron, or a needlessly large loss in the core. For both ammeters and 
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voltmeters economy of material dictates a design such that the 
magnetising coil occupies the whole of the available winding space, 
but since it is easy with these instruments to secure sufficient accuracy 
with a small amount of material, an economical mode of construction 
is not so important as it is with wattmeters. 

For the wattmeter the same considerations hold, but as it is 
necessary to reduce the resistance phase error to a much smaller 
amount than in the case of the voltmeter, it will be found desirable to 
increase the inductance of the coil, either by increasing the weight of 
iron and copper used, or by the employment of polar extensions at the 
gap. The upper limit desirable for this inductance will not be easily 
reached with the low frequencies now common, but it would be far 
otherwise in high-frequency work. Thus, if wattmcters of the shunt- 
magnet type were to be constructed for electrical oscillation circuits, or 
for the purposes of wireless telegraphy, the difficulty would not be to 
reduce the copper-drop error, which would become altogether negli- 
gible, but to sufficiently reduce the inductance of the coil to allow the 
passage of a current large enough to produce a reasonable flux density. 
So much would this be the case that possibly iron would not be needed 
in the magnetic circuits of such instruments, and indeed eddy-current 
effects in the iron would become serious. 

In the instruments as yet constructed the control has been made as 
strong as, or stronger than, that used in ordinary commercial per- 
manent magnet moving-coil instruments. For scientific purposes 
much greater sensitiveness can be secured in the usual way by 
weakening the control, and by the use of optical pointers. Even 
with the instruments actually made it has been possible to obtain 
a large angular deflection withthe current through an ordinary Leyden 
jar produced by a voltage alternating at 50 cycles per second, with the 
magnet coil and moving-coil circuits in parallel. But when a small 
current or voltage to be measured has to be used also to excite the 
magnet, the practical limit of sensitiveness is really determined by the 
number of volt-amperes needed for this excitation. Thus, if 100 ampere- 
turns are needed to produce the flux density in the gap, the number 
of turns needed on the magnetising coil when the current is to be only 
one milliampere will be so excessive, that the voltage necessary will be 
quite out of the question. This will be apparent if the heat loss in the 
iron is assumed to be about half a watt, corresponding with about 
5 volt-amperes. Similarly the current needed for a millivoltmeter will 
be quite impracticable if the iron loss is of about the same amount 
as assumed above. But if the magnet is separately excited from the 
alternating mains supplying the small current or voltage to be 
measured, no difficulty arises from lack of sensitiveness, though it may 
be necessary to take two measurements with the aid of suitable phase- 
changing devices. Thus if two known voltages in quadrature be 
applied in succession to the magnetising coil, the two rectangular 
components of the moving-coil current can be readily measured, and 
jts phase and magnitude determined. 

It seems natural to describe as iron-cored instruments those 
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referred to in this paper, but it would be even more appropriate to 
call them air-gap instruments. The function of the iron is to make it 
practicable to reduce the length of the air path of the magnetic lines to 
the minimum needed for the free motion of the moving coil, and thus 
to diminish the ampere-turns needed for the strong field in which the 
coil moves; or we may regard the iron as a convenient means of 
lengthening the magnetic circuit till it is sufficient to enclose the 
winding, without appreciably affecting the reluctance of this magnetic 
circuit. The high permeability of the iron enables this result to be 
achieved, and the assistance of the iron is invaluable from this point of 
view. But in all other respects the properties of the iron are dis- 
advantageous. The behaviour of the instruments, or of such accessories 
as the iron-cored transformer, is really determined by the gap, and in 
the design of them this gap forms the most important consideration. 


CONCLUSION. 

A shunt-magnet wattmeter, such as described above, has properties 
in sharp contrast with those of a wattmeter of the ordinary dyna- 
mometer type. The voltage circuit is formed of thick wire, and the 
lower the resistance of it the better. Тһе moving-coil circuit carrying 
the (transformed) current is formed of thin wire, and may contain a 
high resistance by adjusting which different ranges can be secured. 
Heavy overloads of current or voltage will not harm the instrument, 
and owing to the low current densities used in the magnetising coils 
the heating ôf these coils will be negligible. There may be а 
temporary increase in the iron losses due to the overload, but the 
constant of the instrument will be unaffected. The flux density in the 
gap is determined by the applied voltage and not by the properties of 
the iron, so that variations in permeability and hysteresis, or a gradual 
ageing effect in the core, will have no effect on the constant for 
non-inductive loads. Thus, if the reluctance of the gap is 25 times 
that of the core, a variation of 50 per cent. in the permeability of the 
latter will only alter the magnetising current by 2 per cent. ; so that if 
the phase error due to copper drop is 1 per cent. in the first case, it will 
only be 1'02 per cent. іп the second. The percentage error on loads of 
power-factor о%7 will only be altered by оо2 per cent. owing to the 
50 per cent. change of permeability assumed, while the instrument 
constant will be quite unaltered for high power-factor loads. 

The constant of the instrument is the same for all voltages and 
currents, and is independent of changes in frequency and form factor. 
The error on low power-factor loads is in the opposite direction to 
that found in ordinary wattmeters ; also the percentage error becomes 
less the higher the frequency used, since the copper-drop phase error 
decreases with rise of frequency, and the inductance phase error, which 
increases with frequency, is relatively unimportant. This property is 
hardly an advantage, since the tendency is to use lower and lower 
frequencies in electrical work, but there is no difficulty in sufficiently 
reducing the phase error due to copper drop.to. meet ordinary working 
conditions. 
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In general behaviour and characteristics the instruments are very 
like permanent-magnet moving-coil instruments for direct-current 
circuits. In structure each consists of a light moving system placed 
in a strong magnetic field, and possesses all the advantages associated 
with instruments of this class. The moving coil is shielded from 
disturbances duc to external fields. There is ample margin of 
sensitivencss, and by means of light accessory resistances, condensers, 
and transformers any range of working can be secured. Only small 
currents are used іп the instrument coils, and the current transformer is 
always on practically open circuit as regards its secondary, so that it is 
possible by means of light switches to shift the instrument connections 
from one circuit to another, and to use it for different purposes, without 
affecting the main circuit. This cannot be so casily done with any 
other wattmeter. One of the advantages of these instruments is that 
brass, and other metal parts, can be used in the immediate neighbour- 
hood of the moving-coil field, without loss of accuracy. 

The instrument will not work at all on direct-current circuits. It 
would, in fact, short-circuit the mains. But the scale of the instrument 
can be calibrated by a direct-current method, and this is a great 
advantage. An alternating-current test must be made for the purposc 
of adjusting the constant till the scale reads correctly at one point. 

Several instruments have been made and tested, but nearly all the 
tests recorded in this paper were made upon one instrument the scale 
of which was prepared from a direct-current test. The instrument 
was used as an ammeter, as a voltmeter, and as a wattmeter, the same 
scale being utilised in all cases. When used as a wattmeter the scale 
reading was always found proportional to the watts. When used as a 
voltmeter, or as an ammeter, the quantity to be measured (whether 
voltage or current) was always found proportional to the square root of 
the scale reading, as in the case of an ordinary Siemens dynamometer. 
Not only can the scales be so graduated that the instruments read 
correctly, but the law of these graduations can be determined without 
using alternating-current tests. As with all other instruments, there are 
sources of error. The purpose of the present investigation has been 
to examine every such source, to measure the resulting errors, and to 
find out the conditions under which they can be reduced to a minimum. 
The result is to show that so far as ammeters and voltmeters are 
concerned the errors can be made so small that the crror in scale 
reading is too minute to be detected on a scale of ordinary length, and 
that the error of wattmeters can with good design be made sufficiently 
small to be negligible for practical purposes under ordinary con- 
ditions. What error there is, too, is of an exact and certain kind, and 
its amount can be predetermined with accuracy with the aid of a few 
simple tests on the instrument circuits. The main fact which stands 
out is that the great advantages associated with iron-cored magnetic 
circuits can be secured in alternating.current instruments in con- 
junction with accuracy. 

In conclusion, the writer desires to express his thanks to Mr. G. 
Brown, the instrument maker at the Birmingham Technical School, 
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for careful and skilful construction of the instruments, and to Mr. 
Е. W. Preston, one of the demonstrators in the Electrical Department, 
for his valuable assistance in connection with the very numerous tests 
which have been made, and of which those referred to in the present 
paper only form a small portion. 


APPENDIX. , 


I. SYSTEM OF NOTATION. 


We shall use a letter in heavy type, such as V, to represent the 
instantaneous value of an alternating current quantity ; and the same 
letter in lighter type, such as V, to denote the magnitude, or square root 
of- mean square, of this quantity. Owing to the mathematical relation- 
ships between mean squares and mean products of any given variables, 
it follows that an equation between the corresponding values of two or 
more variables like V can be regarded as a vector equation,* and V 
may thus also be used to denote the corresponding vector. 

The notation of the calculus may be conveniently simplified for the 
purpose of alternate-current problems by using Newton's fluxional 
notation, in which 

> dV 
VS = з= or tn tr n cr @ 
and by using, instead of the ordinary signs of integration, a bar over 
any quantity Q to be integrated (or averaged) thus— 


T 
Е rae se eie С 
0 


where T is the periodic time. Every integral likely to occur will be a 
time integral taken over the period, and really a roundabout way of 
expressing a mean value or average for this period. Thus we have 


T 
A=" VAdi=VAcos@¢. . . . . (з) 
0 . 


where $ is the phase angle between the vectors V and A. 

Since V, the magnitude of V, is a time average, and not a variable 
as regards time, there will be no ambiguity in using the symbol 
V to represent the magnitude of V. Also whatever the wave-form we . 
can put | 


where f is a quantity proportional to the frequency f for a given wave- 
form. It is 2f for sine-waves, and for other wave-forms it is kf, 
where k is a constant which will differ very little from 2 т, even if the 
sine law be widely departed from. 


* See “Vector Properties of Alternating Currents,” Proc, Roy. Soc., vol. 61, p. 465. 
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For any two alternating-current quantities A and B we have 


. е а 
АВ +ВА =< (AB), 


ог 


T 
AB T BA= ‚| oe dl = о, 
0 


since the product AB has the same value at the two limits of the 
integral. Hence we can always put 


a special case of which is given by the equation 


00 = o 


whatever cyclic quantity may be represented by Q. 


2. THEORY OF VOLTMETER. 


For the magnetising coil we have 


Ү--”А,-АВ-уи-ҒҰ,....... 6 


where V 15 the applied voltage. r the resistance of, and А, the current 
through, the coil, and V,, the voltage self-induced in the coil by the 
changing magnetism. 

Assuming the density of lines B in the gap to be proportional to the 
total flux, we have 


V. = В, . UMEN NE NL MEE EU ME. (7) 


FiG. 20. 


and we may put v for the “copper drop" ғА,, which is necessarily 
perfectly in phase with the current А,. The vector diagram is shown 
іп Fig. 20, in which 0, is the phase difference between V and Y,,, and 
0, is that between the flux density B and the magnetising current A,,. 
The vectors B and V,, are perpendicular since their mean product is 
zero in consequence of the relation 


ВВ = о, 
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For the moving-coil circuit we have 
۷ . 
— R + К V LI e % ж e . . e е (8) 


where K is the capacity of the condenser, the loss of energy іп which 
is assumed to correspond with a small leakage current through a high 
resistance R. This leakage current is in quadrature with the capacity 
current, and is so small with a condenser (whose power-factor is 
usually about 002) that as regards the magnitude of С we may neglect 
the leakage current and put 


and 


С--К),У from (4) and (8) 
| (9) 


V,-7Af5,B from (7) and (4) 


where фр, and фр, are each proportional to the frequency f, and for all 
ordinary wave-forms may be considered equal to one another and 
to 27f. 

To get the magnitude of the copper drop we have from the figure 
(remembering that B and Y,, are perpendicular) 


v біп0, Ө, 
Y= cos 0, "T тетт 
or 
SV шоу жоо ee xc 410) 


since all the quantities @ are small, and we propose to neglect cubes, 
and triple products, of these quantities in comparison with unity. 

To express the leakage resistance R in terms of 6,, the power-factor 
of the condenser, we may proceed as follows :— ` 

The power lost in the condenser is 


СУ = СУӨ,-- K$, V0, from (9). 


But from (8) we have on multiplying by V and taking means— 


hence 


and equation (8) for the condenser current becomes 


С=К[Ү 06V] ....... (11) 


Now the torque acting оп the moving coil is proportional to the 
average product В б, and since А and К are constants, we may write 
for this torque — 


SEU = BVP КЕЙ ВУ +a BV... п) 


x 
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But 
BV =\B(V+AB) = ABv+0 
=) Bv cos 0, 
also 


т = 0,У from (10) апа ABf,=V,, from (9). 


It follows that 
t0. XBW = ө, ө, А uh cos 6, V? 


ED DU VN. sS uw зк. ж.о. сш Ge cc CES) 
since we are neglecting triple products of small quantities, and since 


Pr Vin 
7, =, and cos 6, 


fa V 


each differ from unity by small quantities of the second or some higher 
order. 


Now to find BY we have from (5) 


ВУ = – Ву =- (0—0 Ў = — У + 
on referring to Fig. 20, it will Бе scen that the angle between the 
vectors v and V is 2 — (0, + 0,), and owing to the smallness of the 


phase errors Ө, the cosine of this angle is 0, + 0,, so that 
“ў = (0, + 6, vV = 0, (0, + ө,) V>. 


If now we substitute in (12) for BV and BV, we find the expression 
for the torque acting on the moving coil reduce to 


А г“ , 
g BU = — V* [1 — 6 (6, + 0,) — 0,0] бо, è % (14) 


or the torque is proportional to the mean square of the voltage 
multiplied by the factor 


1 — 6, (0, + 0, + 9). 


Hence if the scale of the instrument is graduated to read, not V?, but 
V, the actual reading will differ from the true reading (for no copper 
drop 6,) by an amount which bears to the latter the error ratio e, 
where 


e = 4 0, (0, + 0, + Ө). 


In all practical cases the quantities 6 can be made so small that their 
products can be neglected. Thus the errors due to hysteresis, con- 
denser absorption, and copper drop can be made negligible in volt- 
meters of the type illustrated in Fig. 3. 
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3. THE PHASE ERROR DUE TO HYSTERESIS. 


The reduction of the hysteresis phase error is undoubtedly the. 
greatest difficulty which has to be overcome before it is possible to 
construct good iron-cored instruments whose action is dependent upon 
the series form of electromagnet. The theory of this error has there- 
fore been considered from more than one point of view. 

In the first place, assume that the magnetic circuit has the same 

section everywhere, that g is the length of the 

air-gap, and / that of the iron path of {һе lines. 

If g is appreciable, the lines must spread at the 

gap, but for the present we assume all the lines 

to cross the gap by the shortest path. Let 

m 1 == 1000 g, so that m is the ratio of the re- 

luctance of the gap to that of the iron, on the 
в assumption that y = 1000. It will be convenient 

to think of m in this way, though in what follows 

FIG. 21. no assumption is made as to the constancy of y. 

The quantity m so defined is a mere number 

independent of y, and determined solely by the geometrical configura- 
tion of the iron core and the air-gap. 


Let В be the flux density, and B its time rate of change; and let A 
be the ampere-turns magnetising the electromagnet. We have to find 
the phase angle 6, separating the vectors A and B in Fig. 21. We have 


AB = АВ cos 0, 


also the vectors B and B are perpendicular whatever the wave-forms, 


since BB =o. The three vectors are not necessarily in the same 
plane, but unless the wave-forms are extraordinary we can with all 
essential accuracy regard them as coplanar. Thus we can assume 


sin 0, equal to the cosine of the angle between the vectors A and B, 
or we have, since 0, is small, 

AB = АВ sin 0, = 0,A È © Ж. вс іс OP 
But from the law of the magnetic circuit 


+T A=/H+ gHe=/H + ZB 


‘where H is the magnetic force in the iron, and H, or B that in the gap. 
From the definition of m we have 


mil=1000g..... . . . . (17) 
or j 
IO "m 
— -------- —— e e e . . . . 8 
4т Е Ы 1000 B] e 
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and on taking averages we have, since B B = o, 


T 
те 2.21 dB = 
ЖЕ was (һа 
0 


where / is the current frequency, and S Hd B denotes the area of the 
Ewing cycle of magnetism. Thus we have 


Now 


AB = 10^ [weg а cay we cw 4. ETO) 


0% А В Бу (16) 
= (0, АВ. 


If we denote by A, апа В, the maximum values of A апа В respectively, 
we can put with sufficient accuracy— 


I I 
2m, Ad к= Би 


although the true numerical constant for each of these equations 
depends somewhat on the wave-form. 


191 [нав = fo А,В, . . . . (20) 
Referring to (18) we have for maximum values 
he ү! e) B, = iol т В... (21) 
47 хи 1020 4T 1000 
where 
m =m + , . . , . ._._. (22) 
р 


and is essentially the same as т, since y is ы than тооо usually, 
and m must be a large number. 
From (20) and (21) we get, on simplifying, 


(23) 


which is the formula for the hysteresis phase error. т” is the ratio 
of the reluctance of thewhole circuit to that of the iron path calculated 
on the assumption that и == 1000. 

We have assumed that the section of the flux at the air-gap4s the 
same as that of the core. If, owing either to the spreading of the lines 
at the gap, or to extended pole-pieces, the flux section at the gap is 
greater than the core section, the value of m’ must be correspondingly 
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reduced, and the uncertainty attaching to this value owing to the 
unknown distribution of the lines makes it impossible to establish an 
accurate formula for 06. It will be seen from (17), (22), and (23) that 
in order to reduce 6, we must make ж” large by making the ratio g to l 
as great as possible. The value of the factor 
103 fHdB 
Bi 

depends simply on the quality of the iron, and the value of B, used 
in working the electromagnet. It is a quantity which for good iron, 
and for ordinary flux densities over 1,000 C.G.S., will be found, on 
reference to Ewing's researches and making the necessary calculations 
from the results given, to lie as a rule between the limits о5 and 155. 
The value of Ө, thus mainly depends upon the effective value of m’, 
and to make Ө, less than 1 per cent. of a radian m should be about 
50. If we allow for some spreading of lines at the gap and a moderate 
leakage factor, this implies that the length of the air-gap should be at 
least one-tenth of the length of the iron part of the circuit. 

We may regard the question from another point of view, as 
follows :— | 


FIG. 22. 


Let the BH curve of the iron for the cycle considered be НІКІ 
in Fig. 22, where 


OB, = B, the maximum value of B, 
O H, = H, ” » ) H, 
OH, — H, the coercive force, 


ОР == pB, the remanent magnetism, 
and р is the remanence ratio, or remanence. 


Now from (18) it will be seen that we can regard H, as a measure 
of the magnetising current required to produce the flux density B, in 
the iron, and mB,/1000 or mpH,/1000 as a measure of the current 
needed to magnetise the air-gap to the same flux density. If in the 
figure we draw a line OG such that 

В,С. ти 

B,I тооо 


it follows from a construction due to Dr. J. Hopkinson, and quoted and 
extended by Ewing,* that the curve connecting the flux with the 
* Magnetic Induction in Iron, p. 267. 
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magnetising current for the entire magnetic circuit will be represented 
by the figure obtained on shearing the Ewing cycle H.I R parallel to 
the axis of H through a.distance which for any value of B is the 
corresponding abscissa of the line OG. The intersection of OB, 
with the curve will move from P to P’, where P’ is the sheared position 
of Q, a point obtained from the intersection of the curve with OT, the 
image of the line OG with regard to the line O B,. The area of the 
sheared loop will be the same as that of the normal Ewing cycle, and 
each will represent the loss of energy in the iron. The sheared figure 
will be bounded by smooth lines of inappreciable curvature when the 
ratio B, G : B, I, or m p/1000, is large. The new value for the remanence 
ratio p will be given by 
_ OP ОР ОК _ Ho 

° OB, = TB, = вт ~ BG 
since the points Q and R will be almost coincident under the circum- 
stances assumed, 


Now 
_ ти —_?" Ln" B, 
CES 1000 1) 1000 ^ Н, 1000 
and we thus have 
Ho В, 
быа n (24) 
Substituting in (23) we get 
0= 2 ”" /H4B (25) 
т Н, B, 


where p is a quantity which can be experimentally measured for any 
magnetic circuit, and is its remanence ratio for a Ewing cycle of 
maximum flux density B, 

The ratio 


/нав 


H, B, 


is a quantity which, when calculated from the experimental results 
obtained in Ewing's researches, is found to be fairly constant for large 
variations of B,. It depends upon the quality of the iron, and it is 
remarkable that for any particular kind of iron it appears to be 
accurately represented by a linear function of B, over a large range. 
Thus from Ewing's measurements on a specimen of transformer iron 
the calculated value of this quantity is 30 at B, = 1000, and до at 
В, = 9200. The linear relation corresponding with these values very 
closely represents the quantity for the whole range of B, covered by 
Ewing's tests on the specimen in question, / e, from В, = 1000 to 
B, = 13,000. 

The coefhcient of p in (25) is a number differing very little from 
unity, since m is essentially the same as m’, and the remaining factor 


1 /нав 
: Т H, B, 
only seems to differ from unity by a few per cent. 
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Thus for ordinary ranges of B, and for usual kinds of iron the 
hysteresis phase error 0, is very approximately the same as the 
remanence ratio p of the magnetic circuit. But there is some un- 
certainty about the matter for low flux densities B,, since Ewing's 
researches do not sufficiently cover ranges of B, below 1000 C.G.S. 
units. The same conclusion may, however, be arrived at by the 
following method :— 

Let the Ewing loop representing the relation between the total 
magnetic flux N and the corresponding magnetising current А be 


N 


Q P Q, P, in Fig. 23; QR and OR representing the maximum values: 
of N and A respectively. 
We may put 
N=LA+n........., (26) 


where L is a constant such that L A is the ordinate of O Q for the 
abscissa A, and n is the excess of N above the ordinate. The value of 
n is negative while the current is increasing, and positive while it is 
decreasing. 

The effect of the air-gap will be to reduce the remanence ratio 
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p or OP/QR to a very small quantity. The lines О, РО апа Q, P,Q 
will have such small curvature that they will be essentially circular 
arcs. The maximum values of n will occur when A is zero or very 
nearly zero, while n will be zero when A reaches either of its extreme 
values. 

It follows that the mean product An will be very small compared 
with the product An of the magnitudes of these quantities, or we may 
put 

Ап-Алс......... (27) 


where e is a very small fraction. 

In fact, if the time curves of А and n be plotted as in Fig. 24, the 
corresponding ordinates of these curves are rigidly related in a manner 
quite independent of frequency and almost so of wave-form, and if А 
varies according to sin рі the curve for n will closely follow the law 
сов). The vector triangle corresponding with (26) will be essentially 
right-angled, with the vector N as hypothenuse. The phase angle 0, be- 
tween N and A will be such that 


sing, =... (08) 


But the ratio n/N will be practically the same as that of the maximum 
values of these quantities or O P/Q К, which is р the remanence ratio, 
so that when 0, is small (28) reduces to 


Ө, = p approximately . . . . . . . (29) 


Indeed, if we multiply (26) by А and take means, we have with the aid 
of (27) 
NA=LA'+AN=LA?+Ane..... (30) 


also by squaring (26) we have 
N = L?A? + 2L An + т, 
and on taking means we get 
N= 13А + 2LAne+n7; ..... (31) 
ө, = (WA) L'A* + 2eL An + A* me 


oe NA L?A4 + eLA n + WA?” 
or 
n* A? (1 — eu 
r= وی‎ = "А*(1 — e) 


For small values of 0, this reduces to 
= OTA Row е С? 


and since е is а very small fraction, this relation is equivalent to (28) 
and (29). 
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ORIGINAL COMMUNICATION. 


NOTE ON THE USE OF THE BOLOMETER AS 
A DETECTOR OF ELECTRIC WAVES. 


By Lieutenant C. Tissot, Brest. 


It is several years ago since I carried out a number of experiments 
in all respects analogous to those of Mr. Duddell, by taking observa- 
tions with a sensitive thermo-detector placed in circuit with the 
receiving aerial. The apparatus which I used in my experiments is a 
kind of bolometer which enables one to record the variations of 
resistance of a very fine metal wire produced by very small changes in 
temperature in a similar way to the arrangement of Langley.* The 
principal object of these experiments was the investigation of the 
conditions of resonance in the aerial systems, but occasionally they 
resulted in my observing phenomena identical with those which have 
been pointed out by Messrs. Duddell and Taylor. It may therefore 
be of interest to describe my unpretentious experiments, and in so 
doing I propose to allude only to those particular points which appear 
to be common to both series of investigations, and not to deal either 
with questions of resonance, frequency, or damping. 

The principle of Langley's bolometer is well known. Two fine 
metal wires are inserted respectively in the two arms of a Wheatstone 
bridge. A variation in temperature of one of the wires produces a 
variation in its resistance which is indicated by the bridge galvano- 
meter ; the bridge having been previously balanced. 

In applying the bolometer to the detection of electric waves it is 
necessary to ensure the complete heat isolation of the bolometric arms, 
and on the other hand to localise the action of the waves in one 
arm only. 

To effect this the arms, which are straight and very short—1°5 cm. 
of тон diameter platinum wire, in the most sensitive models—are 
brought very near to one another within {һе same enclosurc. 

In one of the types employed these arms are in vacuo. The case in 
which they are contained is made as small as possible and is enclosed 
in two successive coverings of silver-plated brass, between which is a 
very thin air space. The whole is immersed in a small vessel filled 
with water. In another model the heat isolation is obtained in a more 
simple manner by means of a Dewar vacuum vessel. 


* Comptes Rendus, vol. 136, p. 361, 1903; vol. 137, p. 846, 1903. S'ournal de 
Physique, Ser. 4, vol. 3, p. 524, 1904 
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According to the kind of measurements for which the apparatus is 
intended, two different methods are employed for localising the effect 
of the wave. In one of these methods, similar to that employed by 


Aerial 4 


Resistance 


Galvanometer 


Slide wire 


Де! | А 


^ "T 
AUALIaruU 
aT A 
orig ge 


Rubens, each arm of the bolometer is formed by four exactly equal 
pieces of wire arranged in the form of a bridge (Figs. 1 and 2). 

The balancing resistances of the bridge are either of German silver 
or platinoid, and are immersed in petroleum. The balancing of the 
main bridge is performed by means of a slide wire of farge diameter. 

VoL. 86. 81 
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The aerial and the earth connection are attached at pp and д to that 
diagonal which is not in the circuit of the main bridge. 

The apparatus can be calibrated direct by a continuous current and 
can be used as a wattmeter (the resistance being known and the self- 
induction negligible). The method employed for taking the measure- 
ments consists in the observation of the permanent deflection of 
the galvanometer of the main bridge under the action of the waves 
received during a suitable time. The aerial and the earth are removed, 
and there is connected in their place a source of direct current 
capable of supplying the required current to the bolometric bridge 
mn pq, So as to produce the same deflection of the galvanometer of the 
main bridge. 

Since it is necessary that the unbalancing of the main bridge shall be 
solely due to the heat developed in the auxiliary bridge m n p q, an 
external means of adjustment (a kind of slide wire) was added to the 
bolometric bridge in order to be able to realise exactly the desired 
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Aerial 


U 00 


Galvanometer 
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Slide wire 


FIG. 3. 


conditions. These are obtained when the galvanometer deflects in the 
same direction and exactly to the same amount, on reversing the direct 
current in the auxiliary bridge. 

The other method of localising the effect of the waves consists in 
inser ting between the bolometric arms, each of which are formed of a 
single piece of wire, suitable ironless choking coils, of dimensions 
previously determined by experiment. The aerial and earth are then 
connected as shown in Fig. 3. The sensibility of these arrangements 
depends, of course, upon that of the galvanometer employed. For 
moderate degrees of sensibility a d'Arsonval dead-beat galvanometer 
was used. The apparatus is then suitable for use on board ship. 
Where extreme sensitiveness was required I employed a moving needle 
galvanometer (Thomson's type) with two parallel vertical needles, the 
resistance of the galvanometer being chosen equal to that of each of 
the bridge arms. I was thus able to obtain deflections of about 
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то millimetres with an effective current of тоо micro-amperes (scale at 
опе metre distance). 

The arrangement of the transmitter and receiver is shown in Fig. 4. 

If the length of the transmitting aerial A is left constant and that 
of the receiving aerial B be varied progressively, it will be noted that 
the deflections of the bolometer reach a maximum for a certain length 
of B. The aerial system A B are then in resonance and have the same 
natural period. 

When the aerials A and B have the same shape, for instance both 
being either simple wires or both consisting of four parallel wires, it 
will be found that the resonance always occurs when the lengths are 
equal whatever may be the general curvature or inclination of the 
aerials, The measurements given refer to systems in resonance. 


I. INFLUENCE OF THE RESISTANCE OF THE MEASURING 
INSTRUMENT. 


By varying the value of a non-inductive resistance arranged in 
series with the instrument in the rccciving aerial, I found that there 


Aerial Aerial 
Inducti 
Col | ii Oscillator Bolometer 
Earth Earth 
FiG. 4. 


was a best value for the resistance from the point of view of the energy 
absorbed. In my experiments this value appeared to lie between 50 
and 60 ohms. In fact, of three similar instruments the respective 
resistances of which were 15, 42, and 82 ohms, it was the 42-ohm 
instrument which absorbed most energy and therefore gave the best 
results. 

I am of opinion that the value of the “best” resistance depends 
upon the aerial employed, and that the most favourable conditions are 
approximately reached when the resistance of the instrument is equal 
to the resistance of emission. By “resistance of emission" I mean that 
amount of resistance which, assuming no loss of energy by radiation, 
the aerial should have, in order that the damping of the oscillations 
by the frictional resistance may be equal to that due to radiation only. 
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2. VARIATION OF THE RECEIVED ENERGY WITH DISTANCE. 


At first I only carried out tests at distances between 1 to 9 kilo- 
metres.* But within these restricted limits, and when working with 
aerials tuned in such a manner as to reduce the influence of the 
harmonics, I found that the effective value of the current in the 
receiving aerial is inversely proportional to the distance. The energy 
received, which is represented by the product 77?, varies, therefore, 
inversely as the square of the distance. Ata later date I was able to 
extend these measurements to a distance of 40 kilometres, and I 
obtained absolute confirmation of the law which Mr. Duddell has so 
well demonstrated over longer distances. 


3. INFLUENCE OF THE EARTH. 


I also carried out a great number of measurements with various 
methods of earthing, both atthe transmitting and receiving stations. 
Without entering into the details of these experiments I may say that 
with regard to the influence of the surface of the earth capacity I 
arrived at the same general conclusions as Mr. Duddell. I observed 
particularly that the “earth” obtainable on board ship by connecting 
to the hull is very much better than that which one gets on land by 
means of plates buried in the ground. I believe, however, that I have 
established the fact, contrary to the opinion expressed by Mr. Duddell, 
that the ground when damp makes a better earth than when dry. 
These conclusions are rendered apparent not only by direct measurc- 
ments of the energy. by means of the bolometer, but by the data 
resulting from the study of the damping. 


4. NUMBER OF INTERRUPTIONS. 


My experimental observations also showed that if the number of 
interruptions is made to vary from n to т” per second, the effective 
value of the current received by the aerial varies in the ratio of 4/1 to 
Jn’. This result, which appears in accord with the observations of 


Duddell and Taylor, is readily capable of interpretation by reasoning as 
follows: Let 


I denote the reading on a hot wire ammeter put in series at the 
bottom of the transmitting wire, 

А = the amplitude of the current in the aerial. 

T = the period. 

y = the decrement of the oscillation. 

п = the number of interruptions, that is of wave trains per second. 


By a simple integration we then obtain for the fundamental wave— 


* Comptes Rendus, vol. 139, p. 080. 
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4T — 
4T + ү? 
energy transmitted by a single wave train, which is proportional to А?, 


is given by a relation of the form W, = КА? = К' Я (К апа К’ being 


Since the factor 


is almost equal to unity, it is clear that the 


constants). In the same manner the energy received for a single wave 
train is easy to compute, if one assumes that the detector completely 
absorbs this energy. If an effective current i is obtained with s inter- 


ruptions, that is with л trains per second, then the equation W = * 


expresses the energy received for a single wave train, p being the 
resistance of the measuring instrument (in this case the bolometer), 
when the number of interruptions varies from л to т, i varies from i to 


p: FO n 


i n' 
i, and s whence + = -~ 


t Мп 


5. NUMERICAL VALUE OF THE ENERGY BROUGHT INTO PLAY. 


These considerations enable us to compare the values we have 
obtained with those obtained by Mr. Duddell. The direct system of 
excitation was used, the transmitting aerial being connected to one 
spark ball of the oscillator, the other ball being connected to earth. 
The transmitting and receiving aerials were identical, and were conse- 
quently in resonance without any added self-induction. Each of the 
aerials consisted of four parallel wires at a distance apart of one metre 
and having a total length of 55 metres from the extreme summit to the 
ground. 

With 26 interruptions per second the hot wire ammeter in the 
transmitting aerial shows 2:8 effective amperes. With a bolometer 
inserted between the receiving aerial and the earth the following 
values were obtained :— 


t 


Distance D in Kilo- Current íi іп the 


Receiver in Micro- Product i x D. 
metres. amperes, 
1'150 8,290 9,550 
8:000 I,180 9,450 
407000 235 9,400 


— r —À— —— M eee — -- ЕВ ere 


Although a slight regular decrease is apparent in the product z x D, it 
may be neverthcless regarded as constant. Consequently under the 
same conditions at the transmitter the value of the current at 48 kilo- 
metres—that 15, at 30 miles—would be 195 micro-ampcres. 

The values obtained appear, therefore, to be somewhat higher than 
those of Duddell and Taylor, since they refer in this case to 26 wave 
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trains, But the conditions of the experiments are not altogether the 
same, seeing that my observations refer to a system which was excited 
by direct coupling. 

I believe, moreover, that the resonance was somewhat sharper in my 
experiments, because the proper frequency of the aerials as arranged 
was strictly the same. In any case I venture to hope that it may be of 
interest to the members of the Institution to place on record these 
results. 
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Founded 1871. Incorporated 1883. 


VOL. 36. 1906. No. 178. 
Proceedings of the Four Hundred and Thirty-eighth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 22, 1906—Mr. Joun Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Meeting held on March 8, 
1906, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members— 
Patrick Hamilton. | Edward John Neachell. 


Edward Ernest Tasker. 


From the class of Associates to that of Associate Members— 


James McLachlan. Charles Ernest Newton. 
From the class of Students to that of Associate Members— 
F. Tozer Chapman. William Allwood Dutton. 


Messrs. C. W. Fournis and A. Schneider were appointed 
scrutineers of the ballot for the election of new members, and, at 
the end of the meeting, the following were declared to have been 
duly elected :— 

Vor. 86. 32 
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ELECTIONS. 


As Associate Members. 


William Baxter. ` Douglas Hunter Laidlaw. 
William Street Foale. Edgar Lunn. 

William Shawhill Johnston. Melville John Hastings Pockson 
Henry Labour. George Gladman Sarney. 


William Alan Walker. 


As Associate. 


Stanislaus George Reilly. 


As Students. 
Cecil A. Abbott. Luiz Antonio Maravilhas. 
James Miller Barlas. Thomas Joseph Monaghan. 
` John S. Blackmore. Andrew George Stamatopoulos. 
Benjamin Francis Cauter. George Herbert Stevens. 
Charles Wellington Crocker. Albert Arnold Zapp. 


Donations to the Library were announced as having been received 
since the last meeting from the Board of Education, Messrs. 
A. Constable & Co., Ltd. The Engineering Standards Committee, 
Н. R. Kempe, T. Commerford Martin, R. H. Smith, Н. С. Solomon, 
The Victorian Institute of Surveyors, Whittaker & Co.;'to the 
Building Fund from J. Gavey; and to the Benevolent Fund from 
Messrs. J. Gavey, S. G. C. Russell, R. J. Wallis-Jones. The President 
also announced that the Executive Committee of the Electrical 
Exhibition, 1905, had granted out of the profit of that Exhibition a 
special donation of £350 to the Benevolent Fund. The thanks of the 
meeting were duly accorded to all of the donors. 


The following papers were read and discussed, and the meeting 
adjourned at 9.20 p.m. :— | 
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ELECTRICAL EQUIPMENT OF THE ABERDARE 
COLLIERIES OF THE POWELL DUFFRYN 
COMPANY. 


By CHARLES Р. SPARKS, Member. 
(Paper read March 22, 1906.) 


The group of collieries dealt with in this paper are situated 20 miles 
north-west of Cardiff; they have been worked by the Powell Duffryn 
Company since 1864, and are now raising 1} million tons of coal out 
of the company's output of 23 million tons per annum. 

Before the present scheme was put in hand six of the nine pits in 
this valley had isolated direct-current plants generating at 200 or 
400 volts for lighting and power purposes. 

In place of extending these plants for the more general use of electric 
power, it was decided to erect a power station to supply the whole of the 
company’s pits in the Aberdare Valley, to obtain the advantage of a higher 
load factor by concentrating the generating plant in one power house, in 
place of having plant, together with reserves, capable of dealing with 
the maximum power required at each pit, the direct result being to 
lower the capital and generating costs, due to the decreased amount of 
generating plant required, the lower cost per k.w., and greater economy 
of the larger units erected at a single power station. 

The district to be served was eight square miles in area, some points 
being four miles from the proposed power station ; and as a considerable 
demand for power might develop at any point in this area, it was 
decided to use the 3-phase system at 50 periods, 3,000 volts, with 
overhead transmission lines, the existing D.C. motors being utilised, 
grouping nineteen motors of 210 B.H.P. at one pit and driving them 
from the 3-phase system by a motor generator supplied at 3,000 volts. 

Electric power is now being supplied to seven of the pits froma 
power station which has been erected close to the coal-washery, which 
is situated fairly centrally to the company’s property as shown in 
Fig. 1. 

The scheme was projected in 1903, before the issue of the Home 
Office Regulations for the use of electricity in mines, and a contract 
for the whole work given to the Electrical Company in the autumn of 
the same year. The power station was started and the first motors 
put to work in May, 1905. 

Owing to the nature of the business the drives could only be 
gradually transferred from steam to electric, and at the end of 1905 
some 4,600 B.H.P. of motors were at work out of a total of 6,000. 
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The total H.P. at present in use at these collieries amounts to 
12,170, and while the most uneconomical drives, amounting to over 
one-third of the total, have been converted from steam to electric 
driving, resulting during December, 1905, in putting 25 Lancashire 
boilers out of use, displacing the boiler plant entirely at five points, 
32 Lancashire boilers 30 ft. by 8 ft., or their equivalent, still remain 
driving the balance of 7,570 H.P. Now that the power station has 
been started there is little doubt that, as occasion arises, a large part 
of the remaining steam plant will be superseded by electric driving. 

The present records show the colliery requirements to average 
т,ооо units per annum per B.H.P. erected, with a load factor on the 
power station of 37 per cent. Were the whole of the driving electric, 
the output of the power station would be about 12 million units per 
annum, the load factor on the station being between 40 and 50 per 
cent., the latter figure being reached if pumping was confined to the 
hours when the haulages were not at work, ten units being required for 
all power purposes per ton of coal raised with the present output of 
1} million tons per annum. 

When the cost of power is compared with the labour cost incurred 
in winning a ton of coal, the importance of increasing the application 
of power makes the use of electricity a matter of interest to all colliery 
owners, as no other means of power transmission is available that has 
equal flexibility in distribution or is so well adapted to every form of 
drive above and below ground. 

The capital outlay necessary for the change has been an important 
factor in deterring changes on a large scale, but as the cost of electric 
machinery has been largely reduced in recent years there is every 
reason to believe that rapid progress will now be made in the con- 
version of collieries to electric driving. 


POWER STATION. 


The power station is equipped to deal with an average load of 
1,500 k.w., this demand being met either by a 1,500-k.w. or two 
750-k.w. sets during the day, and one 750-k.w. set during the night 
and on Sundays. 

The alternators, one of 2,000 and two of 1,000 k.v.a., are 3-phase 
star-connected (with neutral earthed). The regulation of these 
machines is 6 per cent. on non-inductive and 16 per cent. on inductive 
load, 0°75 power factor. The field magnets are carried by the engine 
flywheel, the machines being mounted between the cylinders of slow- 
speed engines; excitation for each set is provided by a rope-driven 
exciter (110 volts). 

The engines are horizontal, cross compound, jet condensing, made 
by Yates & Thom, of Blackburn. They are governed on both high 
and low pressure cylinders so asto carry momentary overloads of 5o per 
cent. The air pumps on the larger set are of the Edwards type, driven 
from the tail-rod of the high pressure cylinder. 

The parallel running of these sets is satisfactory under all con- 
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ditions, while the steady pressure of supply gives satisfactory results 
in starting and running the largest motors under heavy overloads 
without interference with the general good working of the system. 

The leading details of these sets are given in the following 
Table :— 


TABLE I. 
| Alternator - РЕ es Р 1,500 k.w. 750 k.w. 
| Output... ee 542 ar ... | 2,000 k.v.a. 1,000 k.v.a. 
| Pressure rr "T — e. | 3,300 volts 3,300 volts 
A з PE з к о 50 
Speed .. site e 3 94 
Slots per pole and phase snd sie 2 2 
Engine— | 
| Steam pressure, Ibs. per square 
| inch... jas 2 "s Ж 120 120 
i Superheat ies - ёз Я бо° Е. бо° Е, 
Diameter of cylinders— 
H.P. wes oF T 35 in. 26 1n. 
LIP $us i Sica T 66 in. 47 in. 
Stroke... т fei 56% 54 in. 42 in. 
Diameter of piston- tod. in. 5 in. 
Diameter of crank shaft bearings 22 in. 17 in. 
Length of bearings... 5 38 in. 30 in. 
Length of connecting-rod ... es I2 ft. 9 tt. 6 in. 
| Flywhecl effect in foot- tons aa 5,500 2,200 
| Floor space occupied by combined 
set, in square feet... з 988 720 
| Height of alternator above floor 
| line . "Qr 7.50 72 17 ft. 13 ft. 


Steam is supplied from Babcock & Wilcox boilers, each having a 
grate area of 49 sq. ft., heating surface 3,080 sq. ft., with 350 sq. ft. of 
superheating surface, five boilers being used at time of maximum load. 

The boilers are set in pairs and are hand-fired with unwashed small 
coal, the fuel being delivered from overhead bunkers filled by a bucket 
conveyor. The feed is heated by a Green’s economiser. Water for 
condensation is obtained from a reservoir directly connected with the 
river. 

The switchboard is of the carriage type (Fig. 2). 

The board is of cellular construction with the bus-bars running 
along the back in a separate chamber, from which contacts project 
into each division. The whole of the switch-gear, instruments, and 
transformers for each panel are mounted on a carriage which can be 
withdrawn as a whole on to a trolley should any adjustment become 
necessary. With the panels in position the exterior of the board 
consists of brick or earthed metal work. ‘This system is a safe one 
for the employees, as no adjustment can be made on the working parts 
of the switch-gear unless it is dead, the panel being only movable when 
the main switch is in the “ off” position. 
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All panels are equipped with 3-phase oil break switches, fitted 
with overload relays, which actuate solenoids, worked by D.C. (supplied 
from a small battery charged from the exciters), the machine panels 
having in addition reverse current cut-outs ; synchronising is effected 
by a synchroscope. The machine panels have ammeter, wattmeter, 
and voltmeter ; the circuits, ammeters and watt-hour-meters. The top 
of the board is enclosed and is used as a platform to obtain access to 
the lightning arresters and their resistances. These are protected by 
Givisions, but are not enclosed. 

The maximum demand reached during 1905 has been 1,400 k.w., 
momentary demands reaching 1,750 k.w., this demand on the power 
station being one-third of that required to drive all the motors erected 
if they were all run simultancously at maximum load. 

The output of the power station is now at the rate of 44 million 
units per annum, so that the load factor? of the station when the original 
equipment of motors is completed will lie between 35 and 40 per cent., 
and when the percentage of pumps and fans driven electrically is 
increased, and the pumping confined as far as possible to the night, a 
load factor of over 40 per cent. will be reached. 

Tests of the power station show a fuel consumption with unwashed 
small coal having a calorific value of 13,000 B.Th.U., with the sets 
operating at full load, of 2:7 lbs. for the 1,500, and 3 lbs. with the 
750-k.w. scts, the weekly coal figure per unit delivered to the trans- 
mission lines averaging 31 lbs. of thc above coal, with an output varying 
between 87,500 and 92,000 units per week. 


TRANSMISSION LINES. 


The transmission lines are designed to supply 6,000 B.H.P. of motors, 
based on a motor efficiency of 87 per cent., power factor 75 per cent., 
with a maximum drop of 10 per cent. in pressure with 70 per cent. of 
the motors working at full load simultaneously at any individual point. 


TABLE II. 


-- —— - ----- ---- о а سس سی‎ 


Distance Cross Section B.H.P. of 


from Power Feeder, Motors 

Station in yds. Sy. inches, Bee tase 
Lower Duffryn ... ix 1,870 "08 1,131 
Abercwmboi ... 1,030 '04 205 
Old Duffryn and Lletty Shenkin | 620 її 561 
Upper Lletty ы s 1,208 °04 441 
Aberaman А m 8 1,325 2 X 715 960 
Cwmnool .. Ha 2,715 2 х ‘I5 316 
Fforchaman 3,770 2 х 5 821 
Treaman ... —- -- — 
George  ... — — - 
Хуазлегу (Power Station) на -- — IOS 
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Table II. gives the distance between pits and the power station, 
the cross-section of each feeder, and the B.H.P. of motors now in use, 
the greatest distance to a centre of distribution (above ground) from the 
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TRANSMISSION POLES 


A. Earthing device. 
B. Insulator crossarms. 
C. Screen-work crossarms. 


FIG. 3. 


power station being 2} miles. As the conductors radiate three- 
quarters of a mile beyond this point, the longest transmission is 
3 miles. 

In addition the lighting load above and below ground amounts to 
125 k.w, 
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The overhead transmission lines are bare hard-drawn copper con- 
ductors, wires up to 0'042 sq. in. (4 S. W.G.) being solid, any wires over 
this size being stranded. Fig. 3 shows the general construction of the 
transmission line. The wires are supported on wooden poles, except 
at points of special strain, where lattice steel poles are used. 

The poles are creosoted, and average 33 ft. long by 7 in. in diameter 
at the top ; 6ft. to 7 ft. are embedded in the earth, and where the foun- 
dation is doubtful they are set in concrete. The poles are erected an 


FIG. 4. 


average of 40 yds. apart, the maximum distance in straight runs not 
exceeding 45 yds. 

The wires are supported on porcelain insulators mounted on 
wrought-iron supports (Fig. 4). The insulators are set at 12 in. centres 
horizontally, and 18 in. vertically, the wires being carried 20 ft. from 
the ground level. 

Guard-netting is erected below the transmission lines at all points 
where existing wires are crossed, or in the vicinity of the colliery 
premises where there is traffic. This guard-netting consists of two 
steel wires, ү» in. in diameter, stretched below the transmission wires 
with transverse ] in. diameter wires every 6 ft., the ends of the trans- 
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verse wires being turned up to insure any broken wire being caught 
by the netting. Where guard-netting is not used, steel catchers are 
fitted at each pole to insure a broken wire striking the catcher thus 
becoming earthed. To prevent any one climbing the poles they- have 
barbed wire spiralled round them, and are further protected by having 
а ring fitted with spikes fixed on each pole о ft. from the ground. At 
one point where the wires cross a number of telegraph lines on a 
public road, the transmission wires are carried through a lattice 
bridge, provision being made for twelve conductors, of which six are 
erected at present. The total length of the pole route is 8$ miles, on 
which 33 miles of wire have so far been erected. 

In addition to the transmission wires, the poles carry telephone 
wires connecting the power station and the various substations ; these 
wires are crossed every 200 yds., to minimise induction. 

The whole of the overhead wires are erected on colliery property, 
except where public roads are crossed. 


SUBSTATIONS. 


The substations are either separate buildings or rooms to which 
ordinary employees have no access. Each substation is fed from the 
power station by one or more H.P. feeders, as shown in Fig. 5, the 
feeders being protected at each end by lightning arresters. 

Before connection to the substation bus-bars the incoming feeders 
are controlled by oil break switches and by fuses in the case of sub- 
stations fed by two feeders. 

The substation bus-bars branch to :— 

(1) 3,000-volt substations below ground, connected by armoured 
cables. 

(2) 3,000-volt motors connected by ovcrhead distributors. 

(3) Three-phase transformers reducing the pressure to 500-volts 
(for motors below 50 H.P.). 

(4) Single-phase rro-volt lighting transformers. 

Each high-pressure panel for outgoing feeders or transformers is 
equipped with oil break switch, enclosed fuse, and series ammeter trans- 
former, so that the demands on the individual circuits can be checked. 
The back of each panel is only accessible when the controlling switch 
is in the “off” position. 

The low-pressure circuits have 3-pole enclosed fuses, combined with 
switches, arranged so that all exposed metal is dead when the switch is 
opened for the renewal of fuses. Each subgtation is provided with one 
voltmeter for each pressure and two ammeters. 

Underground Substations —The general arrangement is the samc as 
those above ground, but in this case each panel of the switch-gear 15 
placed in a separate brick compartment, closed by a lock-up metal case, 
the whole switchboard being independently roofed in. ‘These sub- 
stations are placed close to the downcast shaft to admit of their being 
well ventilated. 

The switch-gear in each panel consists of oil break switch and 
enclosed fuses, the latter contained in a-cast-iron gastight case. Access 


1906.] THE POWELL DUFFRYN ABERDARE COLLIERIES. 485 


can only be obtained to the fuses of each individual panel when the 
switch is in the “off” position. Fuses are used at the substations in 
place of “automatics” as continuous attendance is not provided at 
these points ; each motor being protected by an “automatic,” a feeder 
fuse only blows when something is seriously at fault. 

Three-phase power transformers, 500-volt sccondary pressure, of 
670 k.v.a., are erected in these substations to supply the smaller 
motors, together with 170 k.w. of single-phase lighting transformers, 
I IO-volt secondary pressure. 


DISTRIBUTION. 


Mine Cables——Each shaft has duplicate 3-core cables, 0°08 sq. in. 
section, insulated with impregnated paper covered with copper tape 
15 mils. thick, the whole lead sheathed and armoured with 50 of No. 12 
S.W.G. galvanised steel wires separated from the lead. 

These cables are carried in the shafts by wrought-iron cleats 
attached to the beyots placed from 7 yds. to то yds. apart, the cleats ` 
being bushed with hard wood bushes; the cables are jointed in cast- 
iron joint-boxes, both the armouring and the copper tape being kept 
electrically continuous at the joints. 

The 3,000-volt armoured cables are carried down four of the pits and 
extend a distance of 700 yds. from the pit bottom. The cables are 
hung along the roadways, supported by leather thongs, so that in case 
of a fall the support will give way without putting serious strain on the 
cable. 

The pit lighting is independent of the power cables ; the original 
wiring (used when the pits were supplied with D.C.) is now fed with 
A.C. current from the substations above ground. 

Mine cables have been provided for the following pits :— 


Depth of Shaft. 


Aberaman is кз ... 300 yds. 
Lower Duffryn ... 5 s 348 y 
Abercwmboi  ... d iu. OO 
Fforchaman  ... ae Г. 200 ,, 


Motors of 1,000 B.H.P. were in use below ground in December last. 

Overhead Distribution.—The distribution from the substations to the 
various motors, both 3,000 and 500 volt, consists of bare wires supported 
on insulators attached to wooden poles or to the existing buildings. 
These wires are guarded in a similar manner to the transmission wires, 
and are protected by lightning arresters at the substations. 

Where high-tension wires are supported on the existing buildings 
the conductors are kept 9 in. apart for supports 6 yds. apart, the con- 
ductors in all cases being kept well above the ground level. 

The connections between the switch-gear and the individual motors 
consist below ground of 3-core armoured cable, special care being 
taken to see that the frame of the motor, controller and sheathing of 
the connecting cable are all in electrical contact with one another and 
with earth. 
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Above ground the same method is used for the high-pressure 
connections, the low-pressure connections being made by single rubber 
covered wires mounted on insulators, protected by expanded metal 
guards where accessible. 

Earth Connections ——In order to provide a good earth connection in 
each pit, in addition to the armouring, which has been carefully bonded, 
a bare copper conductor of o'1 sq. in. section has been taken down each 
shaft, from which earth wires, having 25 per cent. greater area than the 
individual wires in the distributor, have been laid to each motor so as 
to insure a good earth connection for the motor frames, switch-gear and 
controller cases. 

The neutral point of the star winding of the generators is earthed at 
the power station, and the neutral point of the 500-volt transformers is 
earthed at each substation. 


MOTORS. 


Three-phase motors aggregating 4,600 B.H.P. were specified for in 
the first instance, and since the work has been in hand further motors 
have been added, bringing up the total to date to 6,000 Н.Р. 

The motors may be divided into two classes :— 


(1) Variable speed, for haulage and winding. 
(2) Constant speed, for driving pans, pumps, screens, conveyors, 
workshops, and brickyard. 


Forty motors of the first type were at work in йш; 1906, varying 
in power from 300 to 25 B.H.P., totalling 3,260 B.H.P., and 37 of the 
second type, from 180 to 5 B.H.P., totalling 1,450 B.H.P. 

Table III. gives a classification of the total power used at these pits 
in January last, 4,710 B.H.P. being electric, the balance of 7,460 being 
steam driven, of which a further 1,000 Н.Р. is being converted to 
electric driving. Total, 12,170 B.H.P. А 


ТАВІЕ ПІ. 

оо Electric. Steam. Total. 

Winding К 3 280 4,400 4,680 

Haulage (above ground) TEE 2,400 309 546 

m (below ground)  ... 5 580 750 403 

Fans .. jas 25% ds 3 380 500 880 

Pumps ... iss ies je 6 340 450 790 

Screens .. e vá? ax 4 240 — 240 

Washery 1 РА „|р — — 430 430 

Air compressors ses —- — 470 470 
Auxiliary motors, conveyors, | 
workshops, brickyards ... 46 490 160 650 | 
7,460 12,170 | 


Totals ipa | 5 | 4710 


HAULAGE MOTORS. MOTORS FOR CONTINUOUS 
SERVICE, 
Variable Speed. Constant эре 
Rated B.H.P. ..  .. 150 75 5” 100 50 25 
Volts - ... 3000 3000 3000 3000 3000 500 
Diameter of rotor ... Е E 30” sg" ge 24" 1025” 
Speed (at full load) .. 200 305 305 290 485 485 
Efficiency : Full ... .. 89:596 8996 85% 9096 9196 87:596 
2 .. .. 80% 88% 84% 91% 9096 8896 
o .. 875% 86% 82% 9196 88:596 8796 
Cos ¢ : Full ab 545 “78 “82 "72 87 83 "85 
1 "T КУ 71 78 “63 "86 77 "Во 
% is € “бо "68 5 "82 "65 "70 
Maximum starting torque 2°55 27 33 1:8 3:6 25 
Air-gap (inches) ... те "08 об "06 "05 "04 °04 
Temperature rise . ... 35°С. 39°5°C. 45°C. 37°C. 60°C. * 30°C. 
Weight of motor | in 165. 
without bed plate ... 6,900 3,600 2,000 б,ооо 3,800 2,150 
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In addition 170 k.w. of transformers are used for lighting above 
and below ground. 

Twenty-six of the motors given in Table III., of 3,500 B.H.P., are 
wound for 3,000 volts, all motors below 50 B.H.P. being wound for 
500 volts. 

Gearing.—The general method of drive is by cut-steel gear, and 
in order to reduce the ratio of reduction as far as possible a motor 
speed (at full load) of 121 r.p.m. was chosen for the 300-H.P. and 290 
for the 150-B.H.P. haulage motors. 

The motors have been fitted in all cases to existing haulage gears, 
replacing a steam-engine, arrangements being made so that the haulage 
could be worked with steam up to the cnd of the week, the electric 
driving commencing the following Monday by dismantling the enginc 
and putting the motor and gear in its place. 

The high-tension motors are of the protected type, those over 
75 B.H.P. having bearings separate from the frame ; the slip rings are 
carried at the end of the shaft and are enclosed when the motors аге 
used underground. 


TABLE IV. 


* 70 B.H.P. motor rated at 50 B.H.P. totally enclosed. 


Table IV. gives particulars from the tests of both types of motors. 


The switch-gear provided for the variable speed motor control is in 


each case as shown on Fig. 6. The control panels are erected in 
brick chambers with an expanded metal front, each high-tension 
panel having an “ isolating " switch (in the case of the motors under- 
ground, operating under oil) to allow the whole of the switch-gear, etc., 
for each individual motor being entirely disconnected from the system; 
3-phase oil switch combined with “overload” relay, and series 
transformer for measuring current. 
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FIG. 6. 


Each haulage has an ammeter to actas a guide to the driver, the dial 
being marked to show the rated working current of the motor and the 
overload point at which the circuit ‘breaker will operate, the motor 
not breaking out of step unless an overload of 24 times its working 
current is exceeded. | | 
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The controller and high-pressure reversing switch are combined 
(Fig. 7), and are operated by onc handle through gear and levers. The 
rotors of the haulage motors are wound for 2-phase, the 150-B.H.P. 


haulage motors having a voltage at starting 390 by ,/2 current, at full 


load 145 \/2. 
The controller consists of a metal case in which is mounted a revolv- 
ing drum on which two lines of rubbing contacts arc fixed, arranged in 
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Scale of Feet 


parallel spirals ; 15 fixed contacts connected to the rotor resistance are 
placed vertically at each side of the drum (the whole of the contacts 
operate under oil when used underground). Each of these contacts 
carries three copper fingers, reinforced by an adjustable flat steel spring. 
The tips are copper wedges screwed to the end of the fingers, all 
contacts, both stationary and revolving, being designed to be easily 
renewable. 
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The first four sets of contacts are arranged to cut out whole sections 
of resistance, the remaining contacts cutting out half sections, the 
reverse action taking place when the resistance is being put in. 

The high-tension reversing switch is bolted to the side of the 
controller. Four contacts controlling two of the three phasessupplying 
the stator are reversed under oil by a revolving switch. 

In order to provide for smooth operation the controller provides for 
26 motor speeds. Fig. 8 gives the torque diagram, showing range of 
the controller. 
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The resistances for the rotor circuit are cast metal grids. These are 
mounted in frames placed close to the controller, the frames being well 
ventilated and protected by expanded metal guards ; the connections 

. between the resistances and the controller are carried in an earthed 
iron pipe or protected by expanded metal guards. 

Fig. 9 gives the characteristic curves of the 150-B.H.P. haulage 
motor, showing when working from three-quarter load to 25 per cent. 
overload an average efficiency and power factor of 89 and 78 per 
cent. respectively, the slip at full load being 3 per cent, 
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APPLICATION OF ELECTRIC DRIVING. 


The following are representative instances of drives for haulage, 
fans, pumps, winding, etc. 

Main and Tail Haulage.—Fourteen of these are driven by 150- B.H.P., 
3,000-volt, 290-r.p.m. variable speed motors. The leading details of the 
gearing and weight handled by one of these haulages, arranged with 
two drums in tandem, are given in Table V. 


TABLE V. 

Diameter of drumsi iis .. 4ft. біп. 
Drum, cast iron helical gear ... 84 teeth, 23 in. pitch 

X 9} in. wide. 
Drum pinion ks si .. 28 teeth, 2} in. pitch 

X 9g} in. wide. 
Motor cut steel spur wheel .. 66 teeth, 28 in. pitch 

х gf in. wide. 
Motor pinion pui iss .. 22 teeth. 
Length of rope  ... dis .. 1,450 yds, 
Weight of rope  .. pu .. A 2712 tons. 
Diameter  ... 52% is .. Fin. 
Number of trams ... so іе 20. 
Weight of trams ... ke .. 20 X 9cwt. == 9 tons. 
Number of shackles ze — d 110; | 
Weight of shackles К ... I9 X 30 lbs. == '25 ton. 
Weight of coal per journey .. 20 X 26 cwt. == 26 tons. 
Total weight hauled UN ... 373 tons. 
Time occupied per journey -.  4& mins. 
Speed of journey ... ж» -. 54 miles per hour. 


The gradient is shown on Fig. то, and the readings corresponding 
to the different points on the journey were obtained by signalling as 
the tram passed. It will be noticed that when five-sixths of the journey 
is complete the trams are stopped and the tail rope put on, the 
journey being completed with trams under brake control. 

The energy required averages one unit per ton of coal hauled, 
Table VI. giving representative instances. 


TABLE VI. 
Length of road in yards xs I,IOO iwi 1,320 
Gradient, inches per yard a I to 44 2 I to4 
Time per journey, minutes .. 7i ii 9 
Coal per journey, in tons ке 27 ios 27 
Completed journeys perday  ... 17 3 I9 
Coal hauled per day ... ТА 460 dime. 520 
Units per day  ... & gos 425 se 499 
Units per ton of coal hauled | | "902 ds '04 
Maximum k.w.input into rotor. 286 -— 242 


Load factor of haulage (250 
working days) T .. 425% ы 258% 


498 


“млмдала IMO іу амломоввама зеп мол 
AHU OS! ооч 
ANISNA эмппун 


(ма © HIVI) млиа жалеп 
NZAIUG ATIVOIILONTA 


, ل 


a 


à mm + aC i | г” ial 
Gin ЕГИ ee TT 


OT ЦЕО | 
алар «ина 
ЕЕЕ RS | 
| 
| 
>>, i | 


os 
по EE IDE 


П ПИ — ES 
کڪ‎ == 


А & 


Бы ае к. 
E -4 
SSE 


Ы SE er энщ] ењ 


OFTMD 
№ є 
pls. ь. EJ 


ce cm бады: 2 nee ی‎ 2-2) 
2200047 р 0 бов dE re S i 


-5 


THE POWELL DUFFRYN ABERDARE COLLIERIES. 


1906.] 


494 


SPARKS: ELECTRICAL EQUIPMENT ОЕ [March 22nd, 


Night 


FIG. 12. 


Day 


з, n € | 


x 


1906.] THE POWELL DUFFRYN ABERDARE COLLIERIES. 495 


These low load factors are due not only to the intermittent working 
of the journeys, but to the power required at starting and on mounting 
a gradient. 

Before conversion, when the haulages were steam driven, the cngines 
slowed down at each heavy gradient, but now the haulage is electric 
3-phase, the speed is maintaincd whatever the gradient, and, in con- 
sequence, the power taken momentarily is great. The large power 
taken by * main and tail" haulage shows the great advantage of thc 
continuous haulage system where roadways will allow this method of 
operation. 

Fig. 11 shows the general arrangement of onc of the underground 
haulages which has been converted from steam. Drum speed 32 
r.p.m., equivalent to 5 miles per hour. 

Gearing.—Drum cast iron double helical: Teeth 84, pitch 34 in., 
width 94 in. Drum pinion: Teeth 28. Motor spur wheel, cut steel : 
Teeth 66, pitch 28 in, width 8% in. Motor pinion, cut steel: 


Time in oF ends: 


FIG. 13. 


Teeth 22. Тһе operator faces the motor, having the clutches on his 
left, brake levers and ammeter in front of him, and the controller on his 
right. 

Fans.—180-B.H.P., 3,000-volt motor, protected type, running at 
290 r.p.m., fan being rope-driven at 175 r.p.m. Air delivered by fan, 
150,000 cub. ft. per minute with 33 in. water gauge. 

Fig. 12 shows air pressure chart for 24 hours. This chart gives a 
direct indication of regularity of speed of the power station. The air 
pressure secured by this method of drive is more uniform than is 
usually obtained with steam-driven fans. 

The switch-gear used is of the same type as that employed for 
the haulage motors, with the exception that the starter is a liquid 
resistance. 

The fan motors are run at full load continuously, being shut down 
for examination and cleaning for 1o minutes every three weeks. 

Screens.—60- B. H.P., 3,000-volt enclosed motor, 485 r.p.m., the screens 
being rope driven, Switch-gear as above. Liquid starter employed, 
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Aerial Rope Ways.—15-B.H.P., 500-volt motor, 575 r.p.m., belt driven. 
Liquid starter. 


Ритфв.-тоо-В.Н.Р., 3,000-volt motor, 485 r.p.m. Three-throw 
Uskside ram pump, rope driven, 9 in. cylinders, 15 in. stroke, 22 r.p.m., 
delivering 13,000 gallons per hour against a head of r,020 ft. 

40-B.H.P., 500-volt enclosed motor, 720 r.p.m., driving centrifugal 
pump direct against head of тоо ft. 


Winding.—100-H.P., 3,000-volt motor, r.p.m. (full load) 290. Depth 
of pit, до yds. Time occupied in wind, до seconds. The cage holds 
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one tram. Output, 7o tons of coal per hour. As the workings are 
being opened out only 200-300 tons per day are being dealt with, out 
of the daily capacity of 600—700 tons. 

A similar winder is used for men only. Depth of pit, 270 yds. 

An underground winder is in use at Fforchaman in a staple pit. 
Depth, 100 yds. The winder is driven by 80-H.P. motor, 360 r.p.m. 
(full load), 3,000 volts, working a single cage holding one tram, the load 
being balanced by a weight. 

Fig. 13 shows the current taken per wind. The time occupied is 
5o seconds. The maximum speed of the rope is 486 ft. per minute. 
Qutput at the rate of 3o tons per hour, 
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LOAD FACTOR—POWER STATION AND INDIVIDUAL MOTORS. 


Load Factor on Power Station —Fig. 14 shows that with motors of 
1,366 B.H.P. connected, a daily output of 4,400 units, and maximum 
demand of 800 k.w., the load factor is 22:5 per cent. 

With motors of 3,900 B.H.P. connected, a daily output of 14,900 
units, and maxiinum load of 1,200 k.w., the load factor is 51 per cent. 

The annual load factor is lower than the above figures, as the power 
station only supplies for ventilating, pumping, and a small amount of 
lighting on 14 days of each week ; in addition, stop days and holidays 
have to be allowed for. 

Tests on individual * main and tail" haulages working 17-20 journeys 
per day give load factors (based оп 250 working days) of 44-64 per 
cent. 

Ventilating fans give a load factor of nearly 100 per cent. 

With pumping, the load factor depends on position and quantity of 
water, the best load factor being obtained when storage allows the 
pumping to be confined to the night shift, the pumps only being run 
when the haulages are not in use. By this means no extra capacity in 
generating plant is required for driving thc pumps. 

Screens and conveyors have a load factor of 30 per cent. 

Workshops and auxiliary motors taken collectively have a load 
factor of 33 per cent. (load factor for individual motors being one 
quarter of this figure). 

The maximum sustained load on the power station reached during the 
last quarter has been 1,400 k.w. ; the output being at the rate of 4,500,000 
units pet annum, this gives a load factor of 37 per cent., and if a year is 
taken without addition of further motors, the load factor with the present 
methods of working would lie between 35 and 40 per cent. 

This high load factor is obtained by supply to seven pits, and results 
from the combined supply of a number of drives, many of which have 
exceedingly low load factors. 

These figures indicate the difficulty a small colliery has in convert- 
ing from steam to electric driving, as the capital charges due to the low 
load factor, extra cost of reserve plant, and greater cost per k.w. for 
small units, will result, even with cheap fuel, in much higher costs than 
those given in this paper ; and it is works of this description that offer 
the best opportunity to power companies, as it is only in cases where a 
considerable proportion of the power is required for pumping that an 
isolated pit requiring main and tail haulage could obtain a sufficiently 
high load factor to give low working costs when generating with its 
own plant. 


COSTS. 


Power Station.—Buildings, steam plant, 

generators, and switch board per 

k.w. of plant erected (normal rating) ЖІ 108. per k,w, 
The cost of the equipment per B.H.P. 

outside station, transmission and 
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distribution (overhead and under- 
ground) substations, transformers, 


and switch-gear sisi we £2 125. 
Motors, controllers, switch- gear, and 
gearing, per B.H.P. ... de ... £3 185.— 66 тоз. per B.H.P. 


'The cost per unit delivered to the colliery transmission lines, with 
an output of 43 million units per annum, load factor of 37 per cent., 
using unwashed small coal (calorific value 13,000 B.Th.U.) costing 
4s. 2d. per ton :— 


Works costs s a .. Id. 
Interest and depreciation IO € cent. on Con station o'185d. 


Total ... TT ... O'36sd. 


The reserve plant in the power station at present is тоо per cent. ; 

this will fall to 66 per cent. when the power station is completed by . 
the addition of a further 1,500-k.w. unit, and the cost will be reduced 
to under o'3d. per unit delivered to the colliery mains at a load factor of 
45 per cent. 
. The whole of this contract has been carried out by the Electrical 
Company under the supervision of Mr. A. E. Hadley, with Mr. F. J. 
Купа as Resident Engineer. My best thanks are due to these gentle- 
men for the assistance given me in preparing this paper, and also to 
Mr. E. M. Hann, the Engineer and General Manager of the Powell 
Duffryn Company, in conjunction with whom I have carried out 
this work. 
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MANCHESTER LOCAL SECTION. 


ELECTRIC WINDING IN MAIN SHAFTS CON- 
SIDERED PRACTICALLY AND COMMERCIALLY. 


By W. C. MOUNTAIN, Member. 


(Abstract of Paper read іп Manchester, Fan. 16, 1906, апа rediscussed 
іп London, Mar. 22, 1906.) 


The subject of main shaft winding in collieries is one of considerable 
interest, not only to the mining engineer, but also to those associated 
with the application of electricity to mines. There is no doubt that in 
the past the class of winding engines used in our collieries in the 
United Kingdom and also abroad has been very far from economical. 
But colliery owners are now recognising the importance of reducing 
the consumption of coal in their collieries. 

The writer has found that the consumption of coal used for the 
winding engines, pumping, hauling, screen driving, and the other 
requirements has bcen as high as 13 per cent. of the total output of 
coal produced by the colliery, whereas in modern collieries the con- 
sumption has fallen to about 2 per cent. 

It is always customary in considering the consumption of coal 
at a colliery to express it as a percentage of the total output, and 
therefore the writer proposes, in dealing with the costs of main shaft 
winding, to consider what percentage of the output would be required 
with the various classes of winding machinery. 

It is a well-known fact that in a large number of collieries—in fact, 
most of them—therc is a very considerable amount of coal produced, 
either in the form of slack, dust, or smudge, which is practically 
unsaleable ; this coal is generally used under the boilers, and as it is 
practically valueless, any saving which can be effected in the cost of 
working, by reducing the consumption оѓ coal, has to be considered 
with regard to the market value of such coal. 

Of course, there are other savings, such as the reduced number of 
boilers, also stokers and ashmen, which all have to be taken into 
account ; but, after all, when consideringany change in the system of 
winding in an existing colliery, or the application of winding to a new 
colliery, the question is the cost at which тоо tons of coal can be 
wound by the different systems. 

The object of this paper is to deal with the subject in as practical a 
manner as possible, but principally from a commercial standpoint, 
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and, therefore, the writer does not propose to give any very extended 
descriptions of electric winding plants, because these have already 
been so fully described by others who have contributed papers on the 
subject. Briefly, however, the systems of winding may be reduced to 
the following :— 


Ist. Double cylinder horizontal winding engines. 

2nd. Compound horizontal winding engines. | 

3rd. Either type of engine worked condensing, by which a 
distinct gain in economy would be obtained. 

4th. Electric winding by means of 3-phase motors, either 

. driving direct, or directly geared to the winding drums 

and taking their supply of current direct from the power 
mains. 

5th. By continuous-current motors Орого іп the same manner. 

6th. By continuous-current motors driving direct, or directly 
geared to the winding drums, the supply of current from 
the power mains being regulated by a balancer with heavy 
flywheel. This supply may be either continuous or 
3-phase. 


-The supply of current to the electric systems of winding may, of 
course, be obtained either from a power station at the colliery— 
assuming the winding is at one colliery only—or from a central power 
station, belonging to the colliery company, supplying current to a group 
of collieries ; or it may be obtained from a power station of an electric 
supply company (of which a considerable number are being erected at 
the present time throughout the United Kingdom). 

In dealing with the question of electric winding from a | practical 
standpoint, the great difficulty which at once presents itself is the 
enormous amount of current and consequent power required for 
acceleration, compared with the average quantity of current or 
energy required throughout the wind, and this becomes a matter of 
very serious consideration when it is necessary to accelerate very 
quickly in order to get the output from the colliery. 

When approaching the question of electric versus steam winding, it 
is not desirable to start off at once with the assumption that steam 
winding is necessarily very wasteful and to take as a standpoint a very 
uneconomical steam winding engine. This has unfortunately been 
done in the past by some who have written papers on this subject, 
and, as the data given in such papers are very unreliable, the writer 
has endeavoured, through the kindness of many friends connected 
with collieries, to obtain actual data, giving the consumption of coal 
per тоо tons wound, and the wages of the winding engine man, 
stokers, and ashmen. 

These are given in Table I. 

From this table it will be noted that the cost of winding varies 
considerably. No. 7 comes out the cheapest, and this is due, of 
course, to the large output, viz., 3,186 tons, wound in 11 hours, and 
the coal burnt in this case is valued at only 3s. per ton, | 
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Comparing this with No. 2, where the output is 3,360 tons in 
14 hours, and the value of the coal used for winding 15. 6d. per ton 
only, the cost works out at 5s. 2d. per roo tons, but this is due to the 
more expensive winding engine. 

In Хо. 4 Colliery the cost works out at 16s. 114. per roo tons 
wound, but it must be observed that this is with an engine 30 years 
old, and which has been in continuous operation. To arrive at this 
figure the original value of the engine when new is put in. Of course, 
with the depreciated value the cost per тоо tons would be considerably 
less. 

No. 9 Colliery is also interesting, as the high cost in this instance is 
entirely due to the engines being too large for the work. It will be 
noted that the time of winding is 34 seconds, and the time for banking 
84 seconds. If there were sufficient coal to enable the engine to do its 
full duty, 1.е., to wind certainly two and a half times as much coal as 
at present, the cost per 100 tons would be 12s. At the same colliery it 
will be noted that when winding from another shaft, although the time 
for winding is 61 seconds, the cost is 115. 54d. with an almost similar 
engine, but there again the engines are undoubtedly far too large for 
the work, and thus account for the increased cost due to the heavy 
charge for interest and depreciation. 

The conclusion to be drawn from this tablc is that, with reasonably 
economical engines, coal can be wound, including interest and 
depreciation, at about 6s. to 7s. per тоо tons, and where the coal 
used is of very little value this cost can be still further reduced ; then, 
again, if the pits can be run double shift, so that the heavy charge for 
interest and depreciation could be spread over an increased output, 
the cost would become lower still. 

With the exception of one or two cases, many of these engines, 
although large, are of a somewhat old-fashioned type, but it will be 
seen at a glance what exceedingly good results are obtained by modern 
engines, as in Nos. 1, 2, and 7, and it is upon the results obtained 
from such engines that clectrical engineers have to base their calcula- 
tions in dealing with this subject. 

The writer now proposes to consider what results can be obtained 
from really high-class steam winding engines, and for this purpose һе 
has been in communication with the principal makers, who аге 
prepared to guarantee the results which are shown in Tables II., 
III., and IV. 

The data given in Table II. were kindly supplied to the writer by 
Messrs. Fraser and Chalmers, who have had a very large experience in 
the building of winding engines, both for abroad and for this country, 
and it will be noted that the costs per roo tons wound vary from 
6s. 3d. on a pit 500 yards deep, winding 1,000 tons per day, to 6s. 64d. 
when winding 2,000 tons per day from a pit 700 yards deep. "These 
particulars are based on a winding period of то hours per day. 

The next example of winding with high-class steam winding 
engines is prepared from data kindly given by Messrs. Markham 
and Co., of Chesterficld, who have also had very considerable 
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experience, and build very high-class engines. It is interesting to 
note how very nearly these figures correspond with the costs of winding 
with Fraser and Chalmers engines. 

The results in Table IV., it will be noted, are based on the assump- 
tion that the output is wound in 73 hours per day, which necessarily 
means a somewhat larger winding engine for the same duty, and, as 
the engine is more expensive, the amount to be paid for interest and 
depreciation is also somewhat excessive, but it shows how extremely 
economical this type of engine would be if the winding were increased 
to two shifts per day. (See Tables IL, III., and IV.) 

Condensing.—In giving the above figures of the cost of steam wind- 
ing, it will be noted that these results are obtained with the engines 
working with high pressure, but there is no doubt that a very consider- 
able economy, certainly from 10 to 15 per cent. in the coal consump- 
tion, can be obtained by condensing, and in comparing the figures for 
steam winding with the figures for electric winding—in which the 
consumption of steam per kilowatt is taken at 25 Ibs., including the 
condensation in steam pipes and the steam required for feed pumps— 
it must be borne in mind that this result is obtained by condensing ; 
therefore, the results of electric winding are shown rather more favour- 
ably than they would be if the engines were working non-condensing, 
as in steam winding. 

These tables have been extended to show the cost and also the 
consumption of coal per 100 tons wound. Interest and depreciation 
are added at the rate of 1o per cent. for the winding engines, and also 
for the boilers. 

Table V. shows the probable cost of an electric winding plant 
suitable for capacities of— 


No. І. 1,000 tons per day, 500 yards deep. 
No. 2. 1,500 tons per day, 500 yards deep. 
No. 3. 2,000 tons per day, 700 yards deep. 


And these may be taken as typical winding conditions in large 
collieries, The table gives— 


(a) The total cost of the plant. 

(b) The consumption of current. 

(c) The percentage of coal used compared with the output. 

(d) Estimated cost of winding, including coal, engineman's 
wages, etc., etc. 

() The amount which must be added to cover the interest and 
depreciation on the first cost of the plant. 


It will be seen that these figures do not compare at all favourably 
with the results which have been obtained from high-class steam wind- 
ing engines, and this is largely due to the heavy first cost of the plant. 

It may be argued—and with a great deal of justice—that the 
generating plant can be utilised for other purposes during the time 
that it is not used for winding, and there is no doubt that the item for 
interest and. depreciation would be greatly reduced if this plant were 


CYLINDERS. 


Dia. 
and Stroke. 


Steam Press 
Revs. per Wind. 


— ee rm nf ———————— ee [ee 


a 
NANE OF COLLIERY. 3; 

Е 
Bolsover Colliery Co. ... | 1 
Denaby and Cadeby ... | 2 
Tredegar Coal Co.... 3 
A Lancashire Colliery ... | 4 
Richard Evans  ... 5 
Silkstone Colliery ... 6 
H. Rhodes, Rotherham... | 7 
Hulton Colliery 8 
” ” 9 


Atherton Collieries... ... | 1 


o 


Hickleton Main ... ... | I 


= 


Sherwood (No. 2 winder) | 12 


120 


105 


ТОО 


Conical 


Conical 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


16 to 17ft. 


17 to 33ft. 


ТІН. oin. 


18ft. 3in. 


17ft. oin. 


22ft. oin. 


15ft. oin. 


18ft. oin. 


Ioft. oin. 
13ft. Lin. 


216. біп. 


11ft. oin. 


16ft. oin. 


8ft. біп. 


3ft. 2in. 


I2ft. oin. 


Sft. oin. 
Sft. oin. 


12ft. oin. 


10ft. oin. 


. біп. 


. gin, 


5! 


"UnOAM | ھت‎ 
جا‎ Ae ج‎ Сш жа жа ae 


2-2 ке кө - ———  —  — M ا مس‎ o 


с” 


-~ = ---.......... 


——— eee — € 


Ы 
‘] 


er -- 


| uopepəidəq pue 


P | 
}вәлә}пү Surpnjour | 9 9 " s | 
‘punom воот > 
сот 13d Боз pejor | s © v © | 
"Uontp»4d»q pue қ m єз 
1o ur ке Mi сй т 
nom 5001 
¦ OOF 13d 500) |6ор | ©? ез с» 
| -Punom | | | "uonepojdoq pue | . а 
suog, 001 12d v 5 d 19242310] Suipnpour | Y 20 
sog uo Uomo , n N = | 'PunoA, suo, А 
-21daq pur увәлә}ц{ Ex ~ | oor sad 1800 pejo | % ® 
Е ~ . dəq pue es 
fad so ЖО о PEE ык 
кє Шы Uo uorjerm | E ‘punos SuoJ 4 
-aadaq pue 18212301 | „о 20 20 | 001 Jad |502) [EOL is 
e om zm 2а Rieti шады а | 
"unuuy ләй `риподу : (€ 
"u30 19d от де win a A suo 001 12d 5 
SI9[og] uo uonep гч = еч SJO uo попео | y |, 
м N -aidaq pur }вэлә)ц] 


-әмїәпр pue }зәлә}ц] 


"ТЕР, 


punoa 


9 + a CREE 


6 


| j “ 
l shure змі БЕК 


IO 


84 


Digitized by Google 


1906. ] j IN MAIN SHAFTS. 503 


used during the night for coal cutting, pumping, etc. Unfortunately, 
the power required in collieries for night work bears a small proportion 
to that required for day work, as it is during the day that all the 
haulage is required in order to bring the coals to the pit bottom for 
the winding engines. 

The possibility of competing successfully with steam can be con- 
sidered from a commercial standpoint when the supply for the electric 
winder is taken from a power company, and a further table is given 
based upon the three examples, in which the cost of the generating 
plant is eliminated, and, assuming the value of the coal for producing 
steam at 3s. 6d. per ton (as taken in Table V., dealing with the cost 
of electric winding), it will be seen that the cost of labour, interest 
and depreciation alone exceeds the cost at which coal can be wound 
with high-class steam winding engines ; this result being due to the 
heavy first cost of the electrical winding gear and balancer. 

Compared with the worst examples of steam winding, where the cost 
works out at 16s. 11d. per 100 tons wound, the amount which the con- 
sumer can afford to pay an electric supply company for current would 
be :— 


On 1,000 tons, 500 yards deep ... ... 0'35 pence per unit. 
On 1,500 tons, 500 yards deep ... ... 0'275 pence per unit. 
On 2,000 tons, 700 yards deep ... .. O'I8 pence per unit. 


But the question would at once arise whether it is not desirable to install 
high-class steam winding engines and wind the coal at a much lower 
cost than can be done electrically. 

It may be argued that the figures given above are estimated figures, 
but, by the courtesy of the Electrical Company, the writer is able to deal 
with results which have been published—as regards electric winding— 
and which were obtained at the Grand Hornu New Mine, in Belgium. 
This colliery is favourably situafed (as regards the application of elec- 
tricity to winding) as there are three pits, all of moderate capacity, 
placed at some little distance apart, so that there was undoubtedly a 
good reason for centralising the generating machinery and working the 
pits electrically. 

From the data supplied the following table of results has been 
compiled :— 


TABLE VI. 
GRAND HORNU MINES. 
Output, Tons of Coal per day of 24 hours  ... sia .. 1,560 
Depth of Shaft, yards  ... ёз 2.6 dus si 2% 7663 
Hours worked per Day ... s In ve ss aie 24 
Tons of Coal per Hour ... 552 ie Ys E Tn 65 
'Tons of Coal per Wind ... eis n m is 40% 26 
Number of Tubs .. js se 55; қ? is iss 6 
Weight of each Tub, in cwts. ... s i — TT 41 


Weight of Cages, Chains, etc., in civis: T iss s 393 
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Weight of Rope, in tons x ais ks vd Pus II 
Value of Coal Burnt per Ton ... € sss -— ... 45. 4d. 
Cost of Electricity per k.w.-hour aes Е со Чёб 08. Bd 
Days Worked per Year... vss js ide 455 a 250 

24 hours shift — ... 135. Od. 
Total Cost of Winding per 100 Tons} 16 , 5 ... 155. ба. 


8 رو‎ з ... 17S. ба. 
Cost of Winding per 100 Tons, without interest and depre- 
ciation TEE 94% з 45% P ...- 115. 4d. 


* Taking coal consumption at 2% lbs, per I.H.P.-hour, and correcting for English 
wages. | 


The cost of 13s. 6d. per 100 tons is only obtained by the plant 
running twenty-four hours per day. If run for eight hours per day, 
the cost per 100 tons is much higher (17s. 6d.) and the comparison more 
unfavourable. | 

This shows that, with this up-to-date system of electric winding 
and with 5 per cent. interest and 5 per cent. depreciation added, the 
cost of winding is, roughly, twice what the cost is shown to be with 
by no means up-to-date steam winding engines in this country. 


TABLE VII. 


ESTIMATED NET COST OF ELECTRIC WINDING, EXCLUSIVE OF 
ELECTRIC ENERGY. 
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A ens (527% Total Oil Der Б 
ерге- Wages and 
ciation , T 2 2 T 2 ia Stores ае 
рег © ER: ә 88 тос Tons рег Interest 
тоо Tons © av E TU Wound. | 100Tons.| and 
Wound. A 98 s 93 De 
5 EZ > m pre 
ES й< ciation 


سا لم د | | -—--———————-————————-—|!——_ 


п. | 5/8 | 6/--| 4/2 | 34d. | eid. | 6d. | за. | 6/5 


Messrs. Siemens Brothers and Company (who have done a con- 
siderable amount of electric winding work on the Continent) have been 
exceedingly kind in supplying information. The figures which they 
give as to the total cost of their winding plants (exclusive of the 
generating plants), in three of their largest installations, namely— 


Zollern II., 
Stinnes plant, and 
De Wendel plant, 


go to confirm the estimates which the writer has personally made, and 
the cost of the electric winding plants given in Table V. 
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To Messrs, Siemens Brothers is due the credit for the introduction 
of the Ilgner system, coupled with the Ward-Leonard system of control, 
and there is no question that for successful winding the adoption of a 
system of this kind is absolutely necessary if heavy winding is to be 
done with any possibility of it being a commercial success. 

The author regrets that, for heavy winding, he is not able to make 
out a better case than is shown by the figures in this paper, when 
the winding is considered on fair and proper lines, ie, іп com- 
parison with engines equal to those used for driving the generat- 
ing machinery in an electrical installation. It must not, however, 
be inferred that there is no field for the successful application of 
electricity to winding in small collieries, or to groups of collieries which 
are dealing with small outputs and very moderate depths, but it does 
appear that for really heavy work, such as that referred to in Tables I., 
П., III. and V., colliery owners would be ill-advised to spend the large 
additional sum required for electric winding plant when there is so 
little prospect of getting an adequate return, and when they can spend 
their money to much greater advantage in electrifying their haulage, 
pumping, coal cutting, drilling, and the surface driving arrangements. 
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NEWCASTLE LOCAL SECTION. 


ELECTRIC WINDING CONSIDERED PRACTI- 
CALLY AND COMMERCIALLY. 


By GERALD HOOGHWINKEL, Member. 


(Abstract of Paper read in Newcastle, Mar. 12, 1906, and rediscussed 
іп London, March 29, 1906.) 


It would seem a thankless and difficult task to take up once more 
the defence of the clectrical winding engine against the many one- 
sided attacks levelled against it. These attacks have hitherto mostly 
come from practical, well-meaning mining men, who were loth to see 
their old steam-eating friends disappear, and who looked with concern 
and misgivings at the apparently high first cost of the electrical sub- 
stitute. ‘They were backed up by the manufacturers, who gave fan- 
tastic low figures for the steam consumption of their makes, which 
brought these figures down to the vanishing point. All these well- 
meant attacks were mere assertions of the superiority of the steam 
winder in their writers’ opinion, without seriously discussing the actual 
merits or demerits of its would-be electrical supplanter. Sound theo- 
retical considerations were hardly ever brought forward, as far as the 
electrical plant was concerned, and actual figures were difficult to 
obtain in the early stage of this new application of electricity to 
colliery plant. 

It is different, however, if these assertions emanate from the pen of 
a well-known and esteemed member of the electrical fraternity, and 
much harm may be done by his conclusions to the non-electrical mind 
of the mining engineer or colliery manager. 

The task.of refuting these conclusions, however, is by no means an 
easy one. The figures given, although all more or less erring on the 
safe side where the electrical equipment is concerned, are, on the other 
hand where he deals with the steam winder, apparently sound enough. 
The conclusions are, roughly, that electric winding has a future in 
small collieries for lifting coal from moderate depths, or in combinations 
of such collieries, but not in collieries where large outputs have to be 
wound from great depths. The author of the paper in question does 
not mention whereabout the boundary4ine of output and depth must 
be drawn, but I am inclined to believe that this boundary-line will 
gradually shift towards the heavy outputs from far greater depths than 
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are now dreamed of. If we remember the small electric locomotive 
drawing a train in the Berlin Exhibition not so very many years ago, 
and we look on the heavy electric high-speed locomotives drawing 
express trains on the New York Central Railway and on the Swedish 
State Railways at the present time, we may conccive what can be done. 
The more so as the conditions of heavy locomotive work are compar- 
able to winding in many respects. Heavy loads, frequent starting and 
stopping, quick acceleration and retardation, are met with in both 
cases, although the limited boiler capacity in the steam locomotive is 
another disadvantage in the case of the latter's struggle against electric 
driving. 

Mr. Mountain starts by securing, in advance, for his figures a repu- 
tation of reliability, contrary to those given by the few other writers 
upon the subject, whose figures are stated to be “very unreliable," and 
consequently ruled out of court. Of course this is the easiest way of 
disposing of any opposition, but as I was among the first to deal with 
the subject under discussion, after first having acquired а good deal of 
practical experience with electrical winding plant, I may perhaps be 
forgiven for reviewing these few figures. 

For an electrical winding plant designed for a daily output of 
2,000 tons from a depth of боо yards, I have calculated a steam con- 
sumption per useful Н.Р. hour in ordinary everyday practice of 30 165. 
dry steam of 160 lbs. pressure. ‘The corresponding figure for the 
Zollern II. Colliery, which was obtained much later by an official test 
of the German Boiler Insurance Company in the beginning of last year 
during an ordinary day's (twenty-four hours) running, including the 
winding of 1,000 men (at reduced speed), rope inspection, and the lower- 
ing of materials, came to 29 lbs. of steam by an output of 2,500 tons from 
330 yards. This engine, however, is designed for nearly double that 
output, so the figures would have been considerably better for the full 
output. During au eight hours' shift, raising 1,300 tons of coal, the 
steam consumption was only 24 lbs. A still lower figure was obtained 
at the De Wendel Colliery, where 25 lbs. of steam were required per 
useful H.P. hour in twenty-four hours (3,000 tons, 770 yards). 

For electrical winders of this class and output, 25 lbs. of dry steam 
of 150 lbs. pressure per useful Н.Р. hour on the rope may therefore be 
considered a correct figure, proved in actual everyday practice. 

The other figure previously given by me was roo lbs. of steam (at 
100 lbs. pressure) as an average figure of existing steam winders per 
useful Н.Р. hour on the горе in everyday working. "This figure was 
obtained by averaging over fifty collieries, while discarding all those 
above 200 lbs. Steam winder makers have challenged this figure, 
giving 40 or even зо lbs. of steam per horse-power ; but even granted 
that such a figure per useful (coal only) Н.Р. hour on the rope could be 
obtained during steady winding, the long stops and slower winding of 
miners and timber would soon bring this figure to a level of at least 
50 Ibs. with the best modern winding engine running condensing. 

The very examples of modern steam winding given by Mr. Mountain 
and taken from actual practice correspond to steam consumptions of 

VoL. 80, 
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from 140-50 lbs. steam per useful H.P. hour, while 125 lbs. of steam 
was required by the winding engine at the Hulton Colliery, the 
manager of which put his steam consumption at 25 Ibs. per horse- 
power. The average of his thirteen examples is go lbs. 

The enormous savings in steam consumption and coal may therefore 
be estimated by these practical results. But wages are also reduced. 
The engine-man at the winding engine need not be such a highly-paid 
mechanic as in the case of the steam winding engine, as the winding 
is much simpler and easier, and nearly all automatic, so that over- 
winding and too-quick braking need not be feared. As no separate 
boilers are needed for the winding plant (the electric power station 
supplying the total plant at the colliery), no separate stokers are 
required, but only a small proportionate part of the wages at the 
power house. Less wear and tear, and therefore maintenance, on 
steam engines (steady load), winding ropes (no jerkings and vibrations 
due to piston-throw) and frame, complete the other savings. 

The fact that the results of Mr. Mountain's comparisons show such 
a disadvantage to the electrical winder, notwithstanding savings on 
every item in the running costs, points, therefore, only to an absolutely 
incorrect system of comparing the various figures and results. Such 
comparisons are only valuable if each case is considered on its own 
merits, and the various conditions are as much as possible equal in 
every case. Then, and only then, have these figures a most convincing 
and unassailable value. But let them differ in one point only and the 
comparison becomes a source of error, the more dangerous if drawn by 
some one who by his profession is supposed to be rather on the other 
side, and whose divergencies are, therefore, not so easily discovered. 

To compare costs of steam winders, with outputs varying between 
350 and 3,360 tons per day, and lifting from depths varying between 
372 yards and 673 yards, to the same costs of a single electric winder 
winding from great depths and of an uneconomical type, is, to say the 
least of it, unfair. | 

Surely the costs of winding 100 tons of coal depend, in the first 
place, on the depths from which this coal is wound, and any com- 
parison which does not contain this item has no value whatever unless 
the depth be equal in all cases. 

A second consideration is the cost of the coal used in the boilers. 
The greater the value (which does not depend on the calorific value in 
most cases) the greater the influence of electric winding. 

A third objection is to the method of setting aside a certain part of 
the generating plant with its own charge of wages and interest for the 
winding engine, as if the generating station was not used for the total 
requirements of the colliery at the same time. | 

The only fair comparison is between the costs in both cases of the 
useful Н.Р. hour, which, of course, depends on the depth as well. 

The generating station should be considered by itself, and this 
system of comparison includes, of course, the case of a power supply 
company. A separate generating plant for the winding engine is out 
of the question, at least in new collieries. In his example of the Zollern 
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Colliery, Mr. Mountain saddles the winding plant with the cost of one 
generating set of 1,100 k.w., or half of the total plant installed, while 
the actual requirements were only 200 k.w. on a total load of about 
800 k.w., or a quarter of that load and less than а tenth part of the plant 
installed. Having obtained the number of useful H.P. hours, either per 
roo tons in twenty-four hours or per усаг, the question is the amount of 
steam required per H.P. hour in the case of steam winding, and the 
number of k.w. hours in the power station in the case of electric wind- 
ing. The first figure can be obtained in Mr. Mountain’s examples from 
the amount of coal burnt per 100 tons wound, and the other figure is 
either given by the existing power supply or may be easily estimated. 
The efficiency betwcen useful H.P. hours and units at the balancer 
terminals in the Zollern winding engine was 60 per cent., and 50 per 
cent. may, in all cases, be considered normal, so that 1'5 units at the 
balancer are required per useful Н.Р. hour on the rope. Moreover, it 
has been found that this figure does not vary materially with the 
capacity of the winding engine, and may be taken as correct for four, 
six, or eight tub winders. 

The value of the coal used for steam winding purposes has generally 
been fixed in a very arbitrary manner. As a rule it will be found that 
it does not pay to use unwashed slack and dirt in boilers, even putting 
the value at the very low price of 1s. 6d. per ton. In modern collieries 
on the Continent and in the States, washed clean coal is used in the 
boilers, priced at 6s. to 8s., and the slack and dirt are coked in coke 
ovens ог burnt in gas producers. This is a point the writer wishes to 
impress on the minds of all colliery managers. Unwashed slack and 
dirt are no proper boiler fucl, however cheap it may seem. It should be 
coked or used in producers, according to local requirements. Coke- 
oven gas, and even blast-furnace gas, has also been burnt under the 
boilers in many cases. To take two extreme cases, the writer proposes 
to treat the case where the fuel has a value of ros., and another where 
the fuel is supposed to have no market value at all. If the point is 
proved for these two cases, the same may be said for all intermediate 
fuel values. 

Steam Winding.—Taking coal at 1os., the generating costs per ton 
of steam, including wages, coal, maintenance of boiler-house, interest, 
etc., are about 2s. 6d. ; or, taking 6o lbs. per Н.Р. hour as a minimum 
with the best modern engines, about rd. per useful H.P. hour. With 
fuel costing nothing, this figure will be about o'4d. per useful H.P. 
hour. 

Electric Winding.—Taking coal at tos., the generating cost per unit 
in a colliery power station or larger public power supply station (but 
with much lower load factor), including interest and depreciation, as 
before, is about o'4d., or, as we have r'5 units per useful H.P. hour, 
оба. рег Н.Р. hour. With fuel costing nothing, this figure becomes 
o'2d. As a test. we may take the Hulton Colliery with fuel at 5s. ба. 
рег ton, which would mean o'75d. for steam generating per H.P. hour, 
in the writer's calculation, ог per оо tons wound 95. for boiler-house 
costs ; add 1s. 7d. for winder's wages, and we get тоз. 7d., while the actual 
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figure was 105. 731. We сап see that, compared on a correct and 
logical basis with figures taken from actual practice in both cases, the 
savings in fuel are considerable and very much more than shown by 
Mr. Mountain's calculations, based on a wrong application of the 
otherwise correct figures of steam-winding costs. The winders’ 
wages may, for the present, be taken as equal. 

The results of electric winding are given in the case of the Grand 
Hornu Colliery, which is equipped on the pure 3-phase system, and 
therefore very wasteful, as the starting and stopping losses are not 
compensated. This system, which is not now recommended by the 
makers, should not be compared as a modern electric-winding engine. 
The fuel consumption given per 100 tons wound is four times as much 
as even in Mr. Mountain’s own calculated example, surely a proof that 
either the plant must be hopelessly wasteful or Mr. Mountain’s figures 
wrong. | 

Against this I would like to put two more modern winding engines 
on the Ilgner system—the Zollern engine and a larger one at the De 
Wendel Collieries—and compare these results with Mr. Mountain’s 
calculated results. The cost of coal has been taken at 2s. 6d. per ton, 
having an evaporative power of 74, while double shifts are worked 
in both cases. 


Actual : Estimate : 
Zollern II. Electric Mr. Mountain's 
Winder. Case. 

Coal wound per сау of 8 hours 1,350 tons 1,500 tons 
Depth of shaft .. ai 330 yds. 500 yds. 
Weight of coal per wind... sd 4'6 tons 3 tons 
Number of winds per oy of 24 hours 

(2 shifts) А Е 521 1,000 
Weight of cages, etc.. 3'5 tons 3 tons 
Time of wind ... IO4 Secs. 57 secs. 
Maximum speed at present .. 35 ft. per sec. | 36 ft. per sec. 
Coal burnt per day of 24 hours 5 tons 8:50 tons 
Cost of coal burnt per 100 tons wound 6d. IS. 4d. 
Cost of winding plant es £10,000 £10,500 
Total cost of proportionate part of 

generating station ... jio £4,000 £5,700 
Wages per 100 tons wound, oil, etc. 114d. 15. 424. 
Total cost of winding рег тоо tons.. Is. 63d. 2s. 114d. 
Total cost of winding, including | 

interest and depreciation ... i 55. 73d 6s. 114d. 


The winding plant at the De Wendel Colliery cost £15,000 com- 


plete, and is doing, at present, 1,400 tons in eight hours from 770 yards. 
The current supplied from the colliery power station costs, including 
depreciation and interest, o'2d. (coal at 1s. 6d. tony per unit, or per 
useful H.P. hour at the shaft, o'3d. This gives us рег тоо tons wound, 
6s. ; wages of winder, oil, etc., 6d.—total 6s. 6d. ; and including interest 
and depreciation on £5,500 (excess of electric over steam winder), 
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7s. 74d. Now taking into account that the engine is built for 50 per cent. 
more output, and is winding at present from 70 yards more depth than 
in Mr. Mountain's case, his figure for modern steam winding may 
easilv be reached on the full output, and superseded, if one includes 
stops, rope inspection, etc. At all events it compares very favourably 
with his estimated 12s. 5d. (See Mr. Mountain's table for electric winding 
in a similar plant.) 

I have onlv dealt with clectric winders on the flywheel balancer or 
Ilgner system, as it is at present the only system applicable to large 
winding plant, whether supplied from the mains of a power company 
or from the colliery power station. In the few cases where the 
winding plant has its own power station or its own generator plant in 
the common power station, the figures may be compiled in the same 
way as Mr. Mountain did, and of course will come out slightly higher, 
although in the latter case the steam consumption per useful H.P. hour 
is bound to be somewhat lower (no balancer losses). In examining the 
results from actual steam-winding plant given in Mr. Mountain's paper 
we see that, taking into account the probable calorific value of the coal 
used, the figures for steam consumption vary considerably. This is duc 
to disproportionate banking time, number of hours per shift, etc. 

Steam Pressure.— The value given for the coal used varies con- 
siderably, although the calorific value of the coal is probably not very 
different in most cases. This figure, of coursc, fixed on a more or less 
arbitrary scale, influences the cost of winding per тоо tons, and it is 
duc to this very low figure at the Denaby Colliery that the costs of 
winding are so low. Given a more normal value, as in the other 
collieries, the costs would give truer figures (7s. 3d.), more in accord- 
ance with the great depth from which the coal is wound, and with 
Mr. Mountain’s estimate. At the same time, wages and value of plant 
in this colliery are exceedingly low. The Sherwood Colliery, with quite 
up-to-date plant and superheated steam, reaches only 50 Ibs. of steam 
per useful H.P. hour, and although winding from less depth during 
a longer shift, costs come out higher than at most of the other collieries. 

These remarks show how difficult it is to draw conclusions from 
results where all the composing items vary considerably. It is not 
stated if these results were obtained during a shift or during the whole 
twenty-four hours, as the actual figures for clectric winding. This makes 
a considerable difference in the results, far more with steam winding 
than with electric winding. However, even with the latter it varied 
at the Zollern Collicty from 24 to 29 Ibs. of steam per Н.Р. hour. 
Given the correct market value for the coal used in the boilers and 
taken per twenty-four hours, the figures for steam winding will come 
nearer to Mr. Mountain's estimated figures, which are shown in the last 
column of the tabulated statement, and as far as possible corresponding 
to plants of the same output. Mr. Mountain's figures, however, are 
for winding in single shifts. In both cases the actual results of big 
electric winders in everyday working conditions have beaten Mr. 
Mountain’s estimated figures, both for steam winding and electrical 
winding, even on his own system of comparison, and without counting 
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the losses during rope inspection, stops, etc. As already explained, the 
system of comparison is unfair. The power station costs per unit 
generated must be taken by itself, including their own interest and 
depreciation, and only a certain amount per. unit should be added 
representing interest and depreciation on the winding engines of each 
type. If this system of comparison is followed up, taking the cost of 
the steam generated in the boiler-house per H.P. hour as the basis in 
case of steam winding, as we have done in the beginning of this 
paper, a just and.correct basis for comparison is obtained, and our 
figures from the electric winding engine in actual practice will show 
up still better. We have taken, however, the official results of the 
Zollern winding engine as a basis to argue the case on Mr. Mountain's 
lines, taking into account the interest and depreciation on the proportion- 
ate part of the power station, so as to leave no loophole for contradiction. 

I claim to have shown clearly and conclusively from practical results 
as well as by reasoning, that the electric winder is in most cases more 
economical than the steam winder, having regard to the initial capital 
expenditure as well. Besides this direct economical advantage, there 
are many indirect savings, such as less maintenance in power station 
due to steady load, less wear and tear on ropes, greater safety and 
more flexibility as regards forced pace and overload. Also complete 
control and supervision of the winding costs is easier, and no over- 
winding and other accidents need be feared. It is the consideration 
of these advantages, even if the direct economical savings are not so 
high at the start, which will decide colliery managers to include 
winding in the electrical equipment of their collieries, and so to com- 
bine the driving power of all and sundry of their various plant in 
one common power station. For those who are not convinced by 
the figures and results shown, I beg to treat the question of electric 
winding, in a few words, on broad engineering lines and principles, 
without going into figures or details. 

Mr. Mountain began his paper with the following remarkable 
sentence : “ When approaching the question of electric winding 
versus steam winding, it is not desirable tó start off at once with the 
assumption that steam winding is necessarily very wasteful.” This is 
not an assumption, however, but a fact. То my knowledge there is 
no more wasteful process than steam winding, be it in collieries or 
in other applications. Electric driving has scored everywhere, and 
especially there, where intermittent starting and stopping on heavy 
loads must be dealt with. With even and constant driving the 
advantages of electric over steam driving decrease quickly, at least as 
far as mere economy is concerned. A colliery fan can be driven more 
economically by steam than bv electricity, and it requires a cost of 
from o'2d. to o'3d. per unit to make it pay. The same was held fora 
long time for cotton mills, but in both cases other and indirect advan- 
tages have decided the question, not economy alone. On-the other 
hand, electric tramways and railways illustrate precisely the advantage 
of electricity for intermittent work with heavy loads and’ frequent 
stops, and these were, therefore, one of the earliest applications of the 
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electric motor. Of late, heavy suburban railway work has been success- 
fully attempted with, in most cases, good results, from a commercial 
and economical standpoint. For the same reason, main-line work with 
few stops is not considered to offer any advantages for electric working. 
То a certain extent this class of work may be considered on a par with 
winding and rolling-mill driving, and in both cases equally good results 
may be expected, as has already been shown in the results mentioned 
above. I consider main winding not only a suitable application of 
electric driving, but the principal and most urgently needed application 
of electricity to colliery work. 

Just as light electric tramway work was followed by heavy suburban 
railway work, for the same rcasons and on the same general principles 
should heavy winding from great depths be equally well and just as 
economically driven by electricity as in the case of short depths. 

As a corroborating fact of the contents of this paper, I have com- 
piled a list of some forty electric winders at work on the Continent. At 
the present time over thirty-five clectric winders of heavy outputs are 
being constructed by one firm alone, several being repeat orders. 
Surely, although it may not be a proof, it must be admitted that those 
facts do not confirm Mr. Mountain's gloomy conclusions as to the future 
of electric winding. 


JOINT DISCUSSION ON MESSRS. SPARKS'S, MOUNTAIN'S, AND 
HOOGHWINKEL'S PAPERS. : 


DISCUSSION AT MEETING OF MARCH 22, 1906. 


Mr. W. С. Mountain: I think the Institution is to be congratulated М 


on the very excellent paper Mr. Sparks has read to us to-night. In 
my opinion it is one of the most practical papers on electrical 
work that I have ever listened to, and it also describes one of the 
most perfect installations of its kind in the United Kingdom. I 
had the pleasure of going over the installation, and I was struck 
with the way in which the work had been carried out from the 
engineering standpoint. I do not think there has been a halfpenny 
wasted ; the buildings are substantial, the work has been well put up, 
and it is of a simple but thoroughly good character. I think the 
Powell Duffryn Company are to be congratulated on having had 
Mr. Sparks to advise them as he has done. Dealing with the paper 
generally, there are one or two points which I would like to mention. 
The first is the question of the three units. There are two units of 
750 k.w. and one of 2,000 k.w. I have discussed the matter with 
Mr. Sparks previously, and I cannot quite follow his reason for dividing 
the units in that way. It seems to me, with regard to the first cost, 
it would have been less expensive to put in three units of, say, 1,000 k.w. 
each. Two units would have done the work, and the third would have 
been a stand-by їп case of accident. Of course, as now arranged, if 


г. 
Mountain. 


the 2,000 k.w. were fully loaded and then broke down, it seems to me | 


the two 750 k.w. would hardly carry the load. I think in all colliery 
installations, as a rule, it is advisable to try and divide the generating 
units into three, and always try to keep the three units the same size, 
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for the reason that I have stated. In the ordinary way, two units can 
be run slightly overloaded to do the whole of the work, or the three 
units can be run together slightly underloaded, and in case there is an 
accident, there is a perfect stand-by with two unitis against anything 
which may happen. In going over the installation I was struck with 
the design of the switchboard. Altogether it is an excellent piece of 
work, and it is a design which for colliery work can be copied, I think, 
with very great advantage. The next point is the cost per unit. The 
figure which Mr. Sparks has given in his paper, 0°365d., is, I understand 
from Mr. Shaw, beyond the actual cost to-day, now that the plant has 
been more fully loaded. I may say that this cost of 0°365d., from my 
own experience of colliery work, represents the cost at which current 
can be produced without difficulty (after making ample allowance for 
interest and depreciation) in almost any colliery. It will be noticed that 
Mr. Sparks has taken the coal cost at 4s. 2d. a ton. Many colliery 
engineers here to-night will bear me out when I say that that is far 
more than the value of the coal which is usually used under boilers in 
a colliery. I know many instances where the coal is put down in the 
costs at 15. 6d. a ton. It is only put down at that figure because they 
must put something in, but, as a matter of fact, if it was not used under 
the boilers it would have to be put on the pit heap, and there, as you 
all know, it is liable to spontaneous combustion. So that the figure of 
45. 2d. is very ample in most cases. In order to prove what I say, I can 
tell you that I was at a colliery the other day where they arc making 
74 per cent. of small slack in the daily output; 34 per cent. of that 
amount is burned under the boilers to raise steam, and the other 
4 per cent. is carted away at a cost of 3d. per ton. This leads to my 
own paper, and shows you the small value of the coal at many of the pits 
we have to deal with. There is another point to which I should like to 
refer, and that is the question of lead-covered cables. Mr. Sparks may 
have had a happier experience with lead-covered cables than I have. 
In the early days I used lead-covered cables, of course with continuous 
current; the conditions are not the same as for 3-phase, but I have 
hardly ever put a lead-covered cable in a colliery. which has not 
sooner or later failed. It is the German practice, I know ; I saw them 
in Germany, but I do not think from my own experience it is good 
practice. I think lead is best kept out of a pit where there is any 
moisture or damp, because electrolytic action is very liable to take 
place, and sooner or later the lead gives trouble. Mr. Sparks has met 
in a very effective manner the question of driving the haulage gears. 
I am very glad to see he has adopted slow-speed motors, because from 
my experience of driving haulage gear, unless the motors are slow 
speed—I mean a very low speed indeed—the vibration which is set up 
in the gear sooner or later, with continuous-current machines, breaks 
- down the armatures, and with 3-phase machines it is very liable to 
damage the rotors. In addition, the wear and tear on the bearings 
is excessive with high speed, and owing to this there is a possibility of 
the rotors fouling the stators. The total cost of the installation given 
in the paper, namely 417 per kilowatt, bears out the figures which I 
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have obtained in the contracts I have carried out; and it seems to me 
to be a very moderate figure for the thoroughly good installation 
which Mr. Sparks has succeeded in putting up. 

My object in writing my paper was to put forward something which 
should be criticised, because it does not do for engineers to be afraid of 
criticism. We do not want to pose as electricians ; we are members of the 
engineering profession, and whatever we do has to be approached from 
the engineering standpoint. The question of electrical winding is one 
which has received a lot of attention in this country in the last two or 
three years. The Germans have done a large amount of work upon it, 
and the work which they have carried out is, I am glad to say from my 
own inspection (due to the courtesy of the Electrical Company and of 
Messrs. Siemens), of the very best description. They are jobs which 
will do credit to anvbody, but, in my opinion, they are simply playing 
with winding. Mr. Markham, who is a maker of some of the largest 
winding machines in the kingdom, is here to-night. I will not take the 
words out of his mouth, because he has given me some of his own 
figures; but when he tells you himself what winding means in this 
country, you can only characterise the German electric winding plants 
as electric hoists. Before I approached this subject I had a great many 
inquiries from different people for electric winding plants, and there- 
fore I was driven to study the subject rather closely. I went out to 
Germany with the idea of sceing what the Germans were doing, and I 
have told you with what results. I came back convinced that the cost 
of electrical winding—I mean the electrical winding gears themselves 
—was so excessive that there was no possibility of adopting it for serious 
heavy winding in this country commercially. I therefore set to work 
to try and get information, with the result that I have prepared the first 
table which you will find in my paper. This table, I may say, was 
prepared from information given to me by the twelve firms whose 
names are on the list. They represent all classes and conditions of 
collieries in this country ; they are not a selected list. As a matter of 
fact, I put down every figure that I obtained, so that I might compile a 
table which would fairly represent what may be considered the exist- 
ing state of winding amongst collieries in this country. Nearly all 
these tests, or results, were obtained by actual tests made on the 
engines. Their object was to find out primarily the weight of coal 
required to wind 100 tons of coal ; secondly, the total cost of winding 
тоо tons of coal without interest and depreciation; and thirdly, with 
interest and depreciation added at the rate of 5 per cent. interest and 
5 per cent. depreciation on the actual cost of the steam engines and 
boilers. It will be found on going through the table that I have endea- 
voured to give every possible figure, because I think in a matter of this 
kind, when we wish to discuss it thoroughly and grapple with it, it is 
not of the slightest usc to try and hide anything. Therefore I have 
given every possible figure, so that they can be criticised, because it 
is a matter which requires to be looked into very closely. The last 
column shows that the cost of winding per roo tons varies very con- 
siderably. There is one cost as low as 3s. 11d. per 100 tons, including 
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interest and depreciation—that is No. 7 ; and in one case it rises to as 
high as 195. rod. I maintain that that is the only practical way; of 
considering of the cost of winding. It is of no use talking about so many 
pounds of steam per useful Н.Р. on the rope; that conveys absolutely 
nothing to the mind of the practical mining engineer, and therefore I 
thought it best to reduce it to the cost of getting the coal out of the 
pit, 1.е., per тоо tons wound. Having obtained these figures, I then 
communicated with Messrs. Siemens Bros. & Co. and the Electrical 
Company, London. The latter were kind enough to send me the 
figures of the Grand Hornu New Mine, which you will find in my 
paper. Messrs. Siemens also gave me costs of some installations abroad, 
of which I am very sorry to say I could only make very little use. 
At the same time, I wish to thank both firms for the kind way in which 
they met my requests. I then prepared Table No. II., which you will 
see is based upon the use of high-class compound engines made by 
Messrs. Fraser & Chalmers. I maintain it is absolutely improper, in 
dealing with a subject of this kind, to pick out a lot of old obsolete 
winding engines about the country and compare, modern electrical 
winding engines with them. If we are going to make a comparison, 
we, as electrical engineers, must be prepared to be faced by what the 
steam people can do. If you refer to Table II. you will find that I have 
taken as a standard, first of all, 1,000 tons of coal raised from a shaft 500 
yards deep in ten hours per day winding ; second, 1,500 tons, 500 yards 
deep ; and third, 2,000 tons, 700 yards deep. The whole of the results in 
this table are calculated on that basis. The table also gives the: size 
of the engines and the size of the drums ; it also states the number and 
the size of the boilers, and the size of compound condensing engines 
proposed to be used ; it also states the weight of coal used per 100 tons 
wound, the percentage of coal burnt per тоо tons ; and it also gives 
the cost of the labour, and the men's time, winding, etc. The wages 
I have divided up so as to show exactly how the total wages are 
made up. It gives the total cost of winding per 100 tons without 
interest and depreciation in the last column but one, and it finally gives 
the total cost per тоо tons of coal wound from the pit, including interest 
and depreciation. I also got my friends, Messrs. Markham % Со., to 
give me their figures for high-pressure engines, because it is a disputed 
point as to whether compound engines or high-pressure engines are the 
most economical. That is a question which the engineers will fight 
out; but you will see from the guaranteed results as regards steam 
consumption that there is very little between the two. I will ask 
you to note in connection with Table No. III. that it isfor winding eight 
hours, and not ten hours per day. I have therefore made another table 
(IV.) of Messrs. Fraser & Chalmers' engines for eight hours. A refer- 
ence to these tables will show how extremely closely they tally. The 
Fraser-Chalmers' compound engine for ten hours' winding works out at 
6s. 3d. per 1,000 tons, 5s. 14d. for 1,500 tons, and 6s. 64d. for 2,000 tons, 
700 yards deep. Messrs. Markham’s figures аге 6s. 84d., 6s., and 6s. 84d. 
respectively on the eight hours’ winding. If you take the Fraser & Chal- 
mers’ compound engines on the eight hours’ winding, you will sce that 
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the cost is 6s. 934., 5s. 5d., and 7s. 24d. In each of those cases there is 
Io per cent. added for interest and depreciation. Having obtained 
these results, I then set to work to calculate what it would cost to wind 
electrically, and that is the subject of Table V. I treated that table in 
precisely the same way as I have treated the steam table, but there are 
certain figures which have to be assumed. The figure which I have 
assumed, and which I hope will be questioned, is the consumption of 
steam per kilowatt. I have taken 25 Ibs. of steam per kilowatt-hour, 
which I consider (on a colliery load which is always varying) is as low a 
figure as we can safely estimate. One must not delude one’s self with 
a lot of fancy figures which will not be realised in practice. On re- 
ferring to Mr. Sparks’s paper, I am glad to see that he assumes a 
consumption of 3} lbs. of coal per kilowatt, and an evaporation of 
7 15. of water per Ib. of coal, which is a result I have tested and 
obtained over and over again on colliery boilers—it is very seldom 
more, and sometimes it is a little less—and I think that may be taken 
as a fair average figure for ordinary celliery coal. This shows, 
on that basis, that Mr. Sparks is using 26 lbs. of steam per kilowatt, 
so that his figure, I am glad to say, practically confirms the figure 
which I have adopted in calculating the steam consumption in electric 
winding. Following the table through, it will be found I have taken 
exactly the same quantity of coal wound and the same depth in 
each case. As regards the costs of the winding plants, as I was not 
able to get any costs from the Continental makers, I set to work 
and made accurate estimates for the whole of these winding gears. 
I calculated the input into the motor, assuming of course a balancer is 
used, because I do not think any system of winding I have seen so far 
is ОЁ any use unless a balancer of some kind is adopted to stcady 
the demand made upon the generator or supply station. I have seen 
the Preussen gear, and it is a very excellent picce of work, but, with 
all respect to the Electrical Company, I must say I do not think it 
can be regarded as the most economical way of winding. If we are to 
wind electrically we must balance our load in some way, and it appears 
to me that the balancer which I saw at Zollern, which is adopted 
in other installations, is the only practical way of doing it. I have 
given all the sizes in this table, but there is a little error with regard to 
the size of the diameter of the rope ; the figure in the tenth column 
should be 132 ins. and 1}ў ins. I have given the input into the motor, 
which all can question; I have given the horse.power required on 
the winding gear ; I have given the cost of the electrical plant apart 
from the generating plant, that is, of the balancer, switch-gear, and the 
winding gear complete. 

We now come to the most serious question of the whole lot, 
namely, the first cost of the plant. Where, I think, we are going to 
fall to the ground in electrical winding is the enormous cost of the 
winding machinery which is required to deal with this work. You sce, 
it raises the total cost straight away, with 10 per cent. added, and 
assuming 250 days per year (which my colliery friends will tell you 
are about a fair number of days, when they consider they are doing very 
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well), and that in both cases we are working for eight hours per 
day, the final result is that you get 13s. g}d. as the cost of the elec- 
trical winding per тоо tons wound, with interest and depreciation, 
against 65. 934. for the steam winding; 115. 7d. against 55. 5d.; and 
125. 5d. against 75.244. Of course, if we could run our electric winder 
for twenty-four hours per day it would be a different story; but then, 
again, it is of no use to argue in that way, because, if you did, the 
steam engines could also run for twenty-four hours, and you would be 
no better off; you would come down to the same level again. It seems 
to me that, if we are going to compete against steam, it is absolutely 
necessary that we should reduce the cost of our winding plant to 
something like the cost of the steam plant, and it is for us to try and 
do this before we can fairly go into the market and say we can compete 
against steam-engine builders. There is another point I should like to 
mention, and that is the cost of winding taken at the Grand Hornu 
New Mine. The Electrical Company were good enough to give me 
these figures, and they are the only figures that I have been able to get 
dealing with the matter in a practical manner. I am very much obliged 
to them for sending me the information, but I am very sorry to say that 
the figures do not prove our case. Unfortunately, they do exactly the 
opposite. Оп referring to Table VI. in my paper, it will be found that 
winding 1,560 tons in twenty-four hours—which is only about 65 tons 
per hour, and which I have already characterised as hoisting and not 
winding-—the cost, including interest and depreciation, is 13s. 6d. per 
100 tons, against the examples of steam winding which I have given 
you, varying from 3s. 11d. up to 6s. or 75. Now І come to another 
point in connection with the next table, No. VII. This gives the esti- 
mated net cost of electric winding, exclusive of electric current, and 
is, I think, rather rough on the people who are desirous of supplying 
current from power stations. It wilt be seen there that I have taken the 
interest and depreciation on the cost of the winding plant—that is, the 
balancer, switchboards, winding gear, and motors—and to that I have 
added what I estimate is the cost for the men’s time. The actual cost, 
viz., the interest and depreciation and the men’s time winding the 
coal, without allowing for the cost of any current at all, comes to 
far more than the cost of high-class steam winding; and it means 
that the electrical supply company have to give the current for nothing, 
and something besides, before they can compete with high-class steam 
winding. I am quite aware that I have presented a very sorry tale, 
and I hope it will not be thought that I am a traitor to my pro- 
fession in doing so, but it is a very serious question. We want to 
be able to go before colliery proprietors and let them feel that when 
we do put a thing before them we are telling them honest, straight- 
forward commonsense—that is the reason why I have written this paper. 

Mr. J. LEGGaT: I should like to point out that the figures of the cost 
of electrical winding in this paper, with the preparation of which I had 
a good deal to do, are all either estimated or taken from Continental 
practice. It will be interesting to see whether any results obtained by 
Messrs. Siemens Brothers for the large winder which they are putting 
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down in South Wales for the Duffryn Rhondda Company (which will be 
a good example of English practice) will modify Mr. Mountain’s figures 
at all. The estimated costs for electric winders given in the paper are 
figured out on the assumption that drums are used and not Koepe 
pulleys. If these pulleys are used, the whole plant would be reduced 
in cost by about ro per cent., and the cost of electrical winding would 
be reduced accordingly. The paper also only deals with single 
winders, and the results would be considerably modified in the case of 
a company having several pits close together, fed from one central 
station, and especially if the power required for purposes other than 
winding becomes as great as the power required for main winding. 
In the majority of cases, however, in this country there will be only 
one winder, the rest of the power necessary for driving the surface 
plant, haulage, and pumping not exceeding half the power necessary 
for winding. In these cases it would be very difficult to bring out 
the cost of electrical winding better than, or even as good as, steam 
winding as regards annual cost. In the majority of cases it would be 
difficult to get colliery companies to spend the extra amount of money 
which is undoubtedly necessary if electrical windersare put in. There 
is one way, however, in which these figures can be completely modified 
in the case of steam winding. "The exhaust steam from the winder may 
be utilised in a low-pressure turbine by means of the system devised 
by Professor Rateau, utilising the exhaust steam from intermittently 
running engines, This system is well known, and has been described 
in papers read by Professor Rateau * and Mr. P. J. Mitchell before the 
Institution of Mechanical Engineers and the West of Scotland Iron and 
Steel Institute. Take the case of a winding engine using 450 lbs. of 
steam per wind, and winding 60 times per hour, and exhausting to 
atmosphere. Allowing 20 per cent. for condensation in the engine, 
cylinders, pipes, etc., it gives 21,600 lbs. of steam available for the low- 
pressure turbine, and, with a consumption per E.H.P. per hour of 
30 lbs., a total of 720 E.H.P. is available for driving motors on the 
surface and underground. In most cases this is amply sufficient for all 
purposes about the pit, with the exception perhaps of driving the fan. 
Similar results have been obtained in several collieries on the Con- 
tinent, and have been guaranteed in the case of two or three plants 
being installed in this country, no extra back pressure being put on the 
winding engines. The heat accumulator, which may consist, as de- 
scribed in the papers referred to, of an old boiler, is madelarge enough 
to keep the turbine going at full load during the ordinary stops of the 
winder. With a 500 k.w. plant installed at the steel works of the Steel 
Company of Scotland, stops for periods as long as six minutes are being 
successfully negotiated. If the stops are longer than this, a special 
automatic reducing valve comes into operation, passing live steam 
through from the boilers. Professor Rateau states that he can with this 
system give as much as 7 ins. of vacuum on the winding engine exhaust 
if necessary, and still guarantee a consumption of not more than 36 lbs, 
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Mr, Leggat. of steam per E.H.P. per hour, with a vacuum on his condenser of 27 in., 
although he can considerably reduce this consumption if a back pressure 
of, say, 10 to 12 lbs. per sq. in. above atmosphere on the winding engine 
exhaust can be permitted. Where results like these are obtained, the 
steam passed through the winding engines is used very economically 
indeed, and the case for steam winding as against electrical winding 
is much improved. | | 

MI ume Mr. CHARLES P. MARKHAM: The big winding engines that we are 
building to-day are of such a size that I do not think it would pay any 
colliery company to put down their equivalent in electrical machinery. 
In the first instance, we cannot sink a pit at a cost much undér 
£200,000, because in the South Yorkshire districts we are now going 
down to a depth of between 800 and 1,000 yards. To do any good, we 
must raise 5,000 tons a day—between 4,000 and 5,000 tons a day is now 
a common quantity in South Yorkshire. We have to get the men in 
and the muck and the coal out in eight hours' work. We want an 
engine there that will develop enormous power of steam for about two 
revolutions, getting the acceleration up to a very high point, then 
cutting off to practically zero and running out at the pit top. We are 
making windings there now with engines having 48-in. cylinders, 
7-ft. 6-in. stroke, 120 lbs. of steam behind them, and full steam for the 
whole stroke ; making two revolutions cutting off at seven-eighths, or 
two and a half, and then cutting off at one-tenth for about another ten 
revolutions ; and by that time they are accelerated sufficient to run 
them out at the top. The balance rope that is generally used now 
pulls the engines quietly up to rest оп the props; and in a pit having a 
depth of 8oo yards they will make from 62 to 68 windings per 
hour. ‘These little. electrical hoists are simply child's play. The dead 
weight, or the dead pull on the rope and on the drum, is 21 tons; 
they wind twelve tubs of coal with a cage weighing about 8 tons, 
and the bull chains weighing about 5 tons; and they wind that 
weight up at about 1,200 to 1,500 ft. piston speed. I fail to see how 
eleetrical energy at the present time is going to compete with these 
engines. Roughly speaking, the steam engines cost £5,000 to £6,000 
without boilers. The boilers are practically the same in every 
case. If you want the power and are boiling water, it does not matter 
whether you use it direct in the steam engine or whether you go a 
roundabout way with it and put it into an electrical engine. I think 
the remark made by the last speaker is about the best thing you can 
do—to turn the steam into a Rateau turbine afterwards, and to work 
the rest of your power at the colliery by electrical energy. There is 
another system which Mr. Mountain has referred to in his paper, which 
I think myself is far preferable to the tail-rope system, namely, the 
conical drum. The conical drum at Cadeby is the most economical 
winding apparatus, in my opinion, in Great Britain. The engines have 
45-in. cylinders and a 7-ft. stroke, and they are working there con- 
stantly on a range of eight boilers, with 80 lbs. of steam pressure, І 
think itis. I believe only six of the boilers are working, and they are 
there winding out of the pit from 3,006 to 4,000 totis a day, 


1906.] JOINT DISCUSSION. 521 


Mr. T. CAMPBELL FUTERS: As one who is greatly interested in 
colliery work, having had charge of the machinery as a colliery 
engineer, this question of electrical winding is, in my opinion, one of 
very great importance. 1 do not believe in the argument used by 
some engineers on this question, that colliery managers as a rule 
are rather loth to take out their old steam engines on account of 
their being so used to them that they do not care to part with them. I 
do not believe that is true at all. I quite believe that colliery managers 
and colliery engineers would be very glad indeed to turn out their old 
steam engines and adopt electrical winding, provided they can be con- 
vinced that the electrical winder would be very much more economical 
to them than the steam winder. In the main, however, I am bound to 
agree from my experience with what Mr. Mountain has already said. 
The great question affecting electrical winding is that of cost. When 
one considers that the cost of electric winding, as at present arranged, 
amounts to something like £10,000 to £15,000 for the winder alone, 
when an excellent steam winding engine can be bought for something 
like £5,000, it is quite evident that any colliery company will regard 
the greater outlay of capital as a very serious item. Another point that 
has been made very much of, in regard to electrical winding, is the 
question of automatic safety appliances. In this country the colliery 
manager looks with very great suspicion upon these things. Asarule, 
safety appliances are not in favour in this country. If we, as electrical 
engineers, go to the colliery manager and say to him: “ Here is an 
electrical winder that can be absolutely safely worked by one man 
without the use of any electrical accessories or safety appliances,” there 
is no doubt he will consider the matter much more favourably ; but if 
we make a point of these electrical automatic safety appliances, he will 
look towards it as being a point tending to weakness of the machine 
itself. Another point that has been raised is the great steam con- 
sumption of ordinary winding engines. No doubt the ordinary 
winding engines, especially in the North of England, are very great 
steam eaters, but you must remember that they are very simple. They 
are controlled practically by two handles, one controlling the steam 
regulator, the other for reversing, and will run for years without costing 
a penny for repairs. Although they are not at all economical in the 
consumption of steam, they can be improved by putting on better valve 
gear, and, depending upon the complication of the valve gear, very good 
results can be obtained. There are, I believe, at present working in 
South Wales steam engines which only use 26 lbs. of steam per indi- 
cated H.P. per hour, and further there are compound steam winding 
engines which only use something like 52:2 lbs. of steam per useful 
H.P. per hour. These latter engines are working without either ex- 
pansion or condensation, and if we consider the greater advantages 
which might be obtained by using expansion and condensation, which 
would probably save another 1o to 15 per cent. of steam, we can see 
that the advantages, when the capital expenditure and cheapness of the 
fuel are considered, are greatly in favour of the steam winder. There 
is, of course, to be considered the greater efficiency of the electrical 
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plant, but against that we have the greater cost in capital expenditure, 
which, as Mr. Mountain has pointed out, runs the working costs up to 
more than what the saving in coal amounts to. It is a very difficult 
matter to compare ordinary steam winding engines when you take the 
amount of steam consumed as per useful H.P. per hour. So much 
depends upon the weight of drum, type of cage guides, the head gear 
pulleys, the arrangement of the decking, depth of pit, balancing, and all 
that kind of thing, which vary considerably at individual collieries. If 
it were possible to attach electrical winding plant on to the steam 
drums by simply removing the engines and putting a motor on each 
side of the drum, every other condition remaining the same, it is a ques- 
tion to my mind whether there would be any very great saving in steam 
consumption, when you consider you have to pass the energy first 
through the dynamo, then through the motor generator, and lastly 
through the motors of the winding drum. I do not think it would be 
possible to gain probably more than 5 to ro per cent. saving in steam 
consumption. It was thought to be an improvement in the right 
direction when the spiral drums were introduced, but I cannot agree 
with what Mr. Markham has just said, as it can be easily shown that 
owing to their great weight—sometimes as much as 80 tons—they con. 
sume more energy than they save. Again, it is a mistake to assume that 
a light load raised at a high speed is economical either in working cost or 
capital expenditure. The large winding plants installed in Germany, 
it is important to notice, are all fitted with the Koepe pulley, which 
necessitates the use of a counterbalance rope. This system, however, 
has not found favour in this country, as it is not suitable for high 
speeds, owing to the tendency to slip, and further because of the ever- 
present danger that if the rope broke both cages would fall to the. 
bottom of the shaft. By using what are known as safety ropes this 
danger can be removed, but only at the expense of causing the system 
to lose its feature of simplicity and cheapness. I think Mr. Mountain has 
done a real service, not only to the mining section of the engineering 
profession, but also to the electrical profession, by what he has said, be- 
cause, by looking at this matter fairly and squarely, we see exactly what 
is wanted. If electrical winding is to win, there is no doubt, as Mr. 
Mountain has already stated to-night, that we will have to improve the 
electrical winder, and so reduce the initial cost that it can compete in 
that item very favourably with the steam engine. There is no doubt 
there is a greaB future before electrical winding if that can only be 


carried out. 
DiscussION AT MEETING OF MARCH 29. 


The PRESIDENT: I think Mr. Mountain desires to make a statement 
with reference to one of his tables before the discussion is resumed. 

Мг. W. C. MOUNTAIN : In the examples which I gave for electric 
winding compared with steam winding, it has been pointed out to me 
that the prices included in my estimate for the boilers in electric wind- 
ing are more than in the case of the boilers for steam winding. О! 
course that price includes the price of the boilers with steam pipes, 
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feed pumps, and a proportionate amount for the condensing plant. Mr. 
The figures which I have given are based on condensing engines for Mo"ntain. 
electrical winding and high-pressure engines for steam winding. I 
thought it might perhaps save those figures being wrongly discussed if 

I gave you the information. It should have been stated in the paper. 

I would like, as an extension to Table I., to add the result of a test 

which I have had made by running the winding engines at North Seaton 
-Colliery for а whole week from separate boilers. The figures are as 

follows :— 


NORTH SEATON WINDING ENGINE. 
Vertical Single-Cylinder Condensing Engine, about 45 years old. 


Cylinder, бо in. by 84 in. 

Steam pressure, 20 lbs. 

Revolutions per wind, 113. 

Drum, parallel type, diameter, 21 ft., 64 in. ; width, 4 ft. 3} in. 

Rope, 44 in. circumference ; weight, 1 ton 5 cwt. 

Weight of cage and chains, 1 ton 15 cwt. 1 qr. 

Tubs, 4; weight, 1 ton 9 cwt. 

Depth of shaft, 260 yards. 

Weight of coal per wind, 2 tons 8 cwt. 

Time for banking, 15 to 18 seconds. 

Time for total wind, 50 to 56 seconds. 

Hours per shift, 11 (including 24 changing men and waiting on). 

Winds per hour, 42:5. 

Winds per day, 468 (coal drawing). 

Coal per day, 1,150 tons. 

Coal burnt per day, 11 tons IO cwt. 

Percentage of coal used to coal wound, 1 per cent. 

Value of coal per ton, 2s. 6d. 

Wages : Winder, 7s. 14d. ; stoker, 4s. 4d. ; ashmen, 2s. 24. per r1 hours, 
including house-rent and fire-coal. 

Wages per тоо tons wound, £1 2s. 2d. 

Oil and stores per roo tons wound, 4s. 6d. 

Cost of coal per roo tons wound, 2s. 6d. 

Cost of engines, say, £3,000 | ; 

Cost of bolers say, £1,600 estimated. 

Interest and depreciation оп engines at 10 per cent., £300 ; boilers, £160. 

Working days per year, 250. 

Interest and depreciation on engines per day, £1 4s.; boilers, 125. g}d. 

Interest and depreciation on engines per тоо tons wound, 2s. Id. : 
boilers, 1s. 1}d. ы 

Total cost per тоо tons without interest and depreciation, 45. o:8d. 

Total cost per тоо tons with interest and depreciation, 7s. 3054. 


This engine, which is forty-five years old, is practically as good to- 
day as it was when it was put down. I thought I would give you these 
figures, because they are the result of a test running for a week. The 
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boilers were set aside for the test. I want you to understand that the 
coal consumption is not estimated, but all the figures were obtained by 
special tests. | 

It is very extraordinary that, although there have been several news- 
paper notices saying that I have overestimated the cost of electrical 
winding and have underestimated the cost of steam winding—which I 
do not think is correct—only last week in Newcastle Mr. Hooghwinkel 
produced some figures of the Zollern plant, in which he said that the 
plant, which, as a matter of fact, is capable of winding something like 
1,200 tons 330 vards deep in 8 hours, cost £10,000, against my estimated 
figure of £10,500 for a plant to wind 1,500 tons a depth of 500 yards in 
the same time, so that you see there is not a lot to quarrel about ; and 
I have really given a lower estimate. Then he gave another estimate 
of the plant of the De Wendel colliery, where they are winding 1,400 
tons from 700 yards deep, and the cost of that plant, exclusive of 
generating machinery, he put down at £15,000, against my estimate of 
414,200 for plant to wind 2,000 tons 700 yards deep. That pretty 
well confirms my figures, and they are useful figures to have, because 
they prove whether I am right or wrong. The net result of the 
whole of my figures is given in the last column but one (Table V.). 
I show that the cost of winding per гоо tons, 500 yards deep, and 1,000 
tons per day is 3s. 84d. without interest and depreciation ; 1,500 tons per 
day, 500 yards deep, costs 2s. 11$d..per тоо tons without interest and 
depreciation ; and 2,000 tons per day, from 700 yards deep, costs 3s. oid. 
per roo tons, also without interest and depreciation. 

Mr. Е. HIRD : In the first place I should like to add my tribute of 
thanks to Mr. Mountain for the very valuable information he has 
accumulated with regard to the performance under actual working 
conditions of so many steam winders. The information which I refer 
to is chiefly contained in Mr. Mountain's Table I., and it would no 
doubt have been still more valuable if we knew a little more as regards 
the exact conditions under which the plants were operating when these 
figures were arrived at. Mr. Mountain, in his remarks to-night, has to 
some extent supplied this in stating that most of them have been taken 
with the boilers isolated for the test. Turning now to Tables IV. and 
V., it appears to me that it is implied, if not stated, that the chief 
comparison between steam and electric winding is to be taken from 
these tables. Оп that point I should like to remark that there, are 
certain inaccuracies in Mr. Mountain's figures which raise consider- 
able doubt in one's mind as to the value of the results obtained. On 
one of these apparent inaccuracies with regard to the boilers Mr. 
Mountain has given us some explanation to-night, but one would like 
to know why it is necessary for the cages to be a.good. deal heavier in 
the case of electric hoisting than is necessary in the case of . steam 
winding. Again, the rope is a good deal heavier for the electrical 
installation, which may be partly due to the greater acceleration which ' 
is provided for in the case of electrical winding; but.it is not clear 
why such very high accelerations have been selected. They certainly 
have had the effect of making the electrical plant bigger than would 
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otherwise have been necessary, and so increasing the capital outlay, 
which forms the principal point against electric winding. I will not 
insist any further upon these points, because I believe they will be fully 
dealt with by others who are more competent to speak on the question 
than I am; but I would like to draw attention to one phase of the 
matter which, to some extent, has been suggested by Mr. Hooghwinkel, 
and that is the very great difference there is between the results 
obtained from actual steam winding and the estimated results to be 
found in Table IV. The whole comparison, I submit, is entirely 
misleading, because it is not fair to compare the electric winding 
engine with the estimated figures for steam winding. It may be urged, 
of course, that the figures for the electric winding in Table V. are also 
estimated, and that therefore the comparison is fair, but there are some 
very good reasons for discriminating between the two cases. "Those 
reasons I touched upon for the first time in a paper which I read 
before the Institution of Mining Engineers respecting elcctric winding 
in 1903, and, although that is rather a long time ago, I see no reason 
to change the opinion which I then expressed, which is to this effect : 
That the difference between the steam consumption under ordinary 
working conditions and the steam consumption under test conditions 
is enormous. This is not mercly a pious opinion, but it is the result of 
actual figures and tests which have been taken in the most careful 
manner. On the whole, one may say it is a very fair statement to make 
that, under ordinary working conditions, the steam consumption is 
тоо per cent. higher, or thereabouts, than under the test and guaranteed 
conditions. The reason for this is not very far to seck. In the first 
place, in most if not in all steam winding engines, the distribution of the 
steam in the cylinders is left to the control of the man in charge. I 
think that fact in itself will appeal, at any rate, to central station 
engineers. Let them conccive of running their engines, not with the 
valves set in the way which is the result of the experience gained in 
years of steam engine practice, but left to the operation of a man. 
The result can be imagined. Unless the man is a past-master in 
thermo-dynamics, and pretty nimble too with his hands, the result 
must necessarily be a very great waste of steam. "That is one reason. 
The next one is that it is possible—in fact, very easy—to lose a large 
percentage of the whole energy which is required for the lift during 
the braking operation. It is quite easy to do that and to know nothing 
about it when you are working with steam, whilst the conditions under 
which electric plants are operated are such that the braking can only 
be done by paying back energy into the motor generator. There can 
be no loss of power in braking except when the emergency brake is 
used, and the emergency brake, of course, is very seldom used. There 
is a third source of loss, too, inasmuch as at the end of a wind it is 
common for steam to blow off through the satety valves. That is a 
result to be expected, because the boilers are usually worked up pretty 
high, and when the lift stops the steam has to go somewhcre, and it 
goes into the atmosphere. That steam is not included in the guaranteed 
figures which are givcn by cngine-makers for the purpose of these 
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comparisons. When all this is taken into account, it explains the fact 
that we find an average figure of 9o Ibs. of steam per effective H.P. in 
the shaft, taken from Mr. Mountain's own figures in actual tests. I 
would like to make one short reference to the plant at the Grand 
Hornu Mine, of which Mr. Mountain has given particulars. I should 
like to point out that on this unfavourable result, which may have 
contributed to lead Mr. Mountain to his somewhat pessimistic con- 
clusions, there are several points to be observed : first of all, that the 
amount of coal raised per hour is very small; that ihe depth is very 
great, both of which are unfavourable conditions; and the working 
takes place on what we may call a rheostatic control, which is extremely 
wasteful, and not one which should have been used in making a com- 
parison. It is rather regrettable that attention was not drawn to the 
fact that this was the case, in view of Mr. Mountain's expressed opinion 
that the only electric winding plants which are worthy of any conside. 
ration are those which provide for a storage of power and balancing 
arrangements. In conclusion, if I may express a personal opinion, it 
is to the effect that electric winding is coming, or in fact has come, to 
stay. Ithink there are good reasons for this, for, whatever one may 
think about winding plants, we are all agreed that most of the other 
machinery about mines and collieries ought certainly to be driven 
electrically, and once that opinion is held and acted upon by colliery 
and mine owners, we shall find that they will not be long in perceiving 
the inconvenience, apart from any question of economy, of having an 
isolated steam plant merely to do one operation. This is a thing which 
is bound to have a great influence, and I think it behoves us, as elec- 
trical engineers, to be prepared for what must inevitably come, and 
that is a large demand for electric winding plant—a demand which 
may shortly attain something of the dimensions which it has already 
reached on the Continent, where, as Mr. Hooghwinkel has already told 
us, one firm alone has in operation, or in the course of construction, 
forty-five winding plants, some of which are certainly not to be 
described as toys, but are quite comparable in magnitude and in every 
other respect with the very biggest things which have been done in 
steam winding. 

Mr. G. ADDENBROOKE : I feel some diffidence in speaking, because 
my idea was to take up this question from a point of view quite different 
from that of previous speakers. As one of an old family of colliery pro- 
prietors, and one whose misfortune it has been to be a colliery proprietor 
in a small way most of his life, I have had to look upon this subject 
rather from a financial than from a technical point of view. Mr. 
Mountain has done a great service in putting this problem of winding 
clearly before us. However, coming to the particular point of view 
from which I regard the subject, it will be noticed that Mr. Sparks in 
his paper deals with the costs of supplying the energy for the plant he 
has put up, and from his closing remarks it looks as though he thought 
it would pay only a smaller colliery company to take their supply 
from a power company, and Mr. Mountain in his paper alludes to the 
power company in very indefinite terms ; I thought, therefore, it might 
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be perhaps worth while to put on record in the discussion on these 
papers the sort of results which I think power companies ought to be 
able to arrive at. In the case of winding, which forms the subject of 
Mr. Mountain’s paper, the load is extremely intermittent. I see that in 
the discussion at Manchester Mr. Braun gave a diagram (p. 546) which 
is a little difficult to follow at first, but which gives an idea of what the 
load factor of these colliery winding plants is. It has always struck 
me that the load factor of these winding plants was a good deal 
like the load factor of an electric tramway. It is very well known to 
tramway engineers that a tramway with one tram on it practic- 
ally needs 50 k.w. of generating plant to run it; but with a large 
system with many trams, about то k.w. in the station per tram- 
car will do very fairly. The winding diagram here is exactly of that 
sort. To put up electric winding for one colliery may or may not be a 
thing worth doing. It is really, from the colliery owner's point of 
view, a question of finance. A good deal more must be spent on the 
electric plant in order to attain a lower steam consumption. It does seem 
to me that here is one of the openings fora powercompany. Ina par- 
ticular area, for instance, with which I am dealing now, there are 
within a radius of four miles about thirty collieries belonging to twenty 
different owners. In such a case, it appears to me that, by putting those 
collieries on to a power company’s station, an enormous saving will be 
effected in the amount of plant that is required to supply the energy 
for the winding engines at the generating station, because, just as 
happens in the tramway, the maximum “loads will not coincide. The 
point next comes, What are the sort of figures that power companies 
could supply such a load at? Power companies hitherto have been 
under a great many disabilities. I do not think that those who are out- 
side really grasp the immense amount of work that has to be got 
through to put them on their legs. Local authorities are not very con- 
versant with these matters, and they all have an idea that they may give 
something away or let themselves in in some unforeseen manner ; and 
if it is possible to put in a series of restrictions in agreements which 
are exceedingly hampering and useless, one may be pretty certain it 
will be done. All these things are not conducive to the financier 
finding large sums of moncy readily for starting undertakings of 
this sort; conscquently it has happened that nearly all the plants in 
this country have been started on much smaller scales than the pro- 
moters originally intended for carrying out their original objects. Now, 
there is nothing outside ordinary engineering іп a power company. 
The position is simply this, that by working оп a large scale you get 
cheaper generation than by working on a smaller one, and that having 
cheaper generation and also better load and diversity factors, one can 
afford to spend a certain amount on transmission. As the transmission 
mains get longer, this advantage diminishes and finally vanishes. 
Most of the power companies in the early days, and even up to the pre- 
sent time, have been greatly hampered by their Parliamentary costs, by 
the difficulties of raising money, by the fact that they had to spend large 
amounts of money for a small amount of work, and consequently they 
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have not been able to quote such prices as in many instances would 
enable them to get a large load readily. Now, I have, for the purposes 
of my own practice, for some time been accumulating figures as to the 
relative prices at which power companies could supply, supposing they 
had a fair chance, supposing they were really able to put down large 
stations and get at their work in what one may call an ordinary en- 
gineering manner. These figures are embodied in some diagrams which 
contain a set of curves giving the prices of supply from a power station 
of 3,000-k.w. size, and going up to a size of 60,000 k.w. 


I have taken 60,000 k.w. as the maximum, simply from the fact that 
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Curves showing the cost at which electric power 
could be supplied to consumers at different load 
factors from stations of varying size, situated in 
large industrial districts, and allowing for a dis- 
tributing system radiating up to 8 to ro miles from 
the generating station. 


These curves are made up on the following 
assumptions :— 


That thc generating station is erected at once, 
of the size contemplated, and not by stages ; 


Coal is taken at 5s. 6d. per ton ; 


An allowance of 10 per cent. on the cost of 
works is made to cover interest and дерге 
ciation on the total capital involved. 
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it was the size of station for which Mr. Merz got ont figures in -the 
Administrative County of London Bill last year, and those figures, I 
think, were not seriously criticised by any one, at any rate for the generat- 
ing station. The mains in the table are worked out on the basis on 
which they would be required in an industrial district in the country out- 
side great towns. Starting with 3,000 k.w., there are curves for 5,000 k.w., 
10,000 k.w., 15,000 k.w., 20,000 k.w., 40,000 k.w., and 60,000 k.w. ; 
one of the objects in drawing up these curves was to find out how far 
economy was gained by increasing the size of the station. 

To come now to Mr. Sparks’s conclusions in his paper, he 
states that he is supplying at o'36d. per unit, making an allow- 
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ance of то per cent. on the cost of his work to cover interest 
and depreciation of the capital involved. It curiously happens 
that, in order to put the matter into a simple form for these 
curves, І had assumed exactly the same figure for interest and 
depreciation. Of course, a power company is, unfortunately, not like a 
colliery company ; it has to get Acts of Parliament and various other 
things which are very costly, and in the early years there is a consider- 
able percentage of capital expenditure which must be added to the 
actual cost of the works themselves; but I think the power company 
would raise its capital at a lower figure than a private company 
or person—at any rate, it could do this as soon as it was on a working 
basis. I see from these curves, taking 37 per cent., which is about Mr. 
Sparks's load factor, that if they had a station of about 20,0co k.w., it 
would enable the power company to supply at an equivalent price to 
that shown in Mr. Sparks's paper, up to, say, eight or ten miles from the 
generating station, and that with a generating station of 40,000 or 
60,000 k.w., that figure would again be very considerably improved on. 
As a matter of fact, in the districts іп which the Powell Duffryn 
Collieries are situated there is probably, from a given spot there, 
within a range of seven or eight miles, over roo,000 H.P. used in 
collieries, and therefore it would be quite easy to put up a 60,000-k.w. 
generating station. The same reasoning applies in many other places, 
and, consequently, I think there is probably a better opening for 
electric winding than Mr. Mountain apparently imagines, if the current 
is supplied from power companies ; and I also think that perhaps the 
scope of power companies, when once we can get down to a real 
engineering basis, is larger than the authors of the papers would lead 
us to suppose. 


Dr. R. HERZFELD: So much has been said in favour of electric p 


winding engines that I think the opposition which has been raised by 
Mr. Mountain is only natural, and it is also welcome as far as it eluci- 
dates the problem. But I am afraid the figures that Mr. Mountain gives 
are so favourable for steam winding that the suspicion must at once 
arise whether they are right. I cannot criticise the figures given for 
the steam winders, but thosc given for the electrical installation which 
have been quoted against them are not quite correct, and have already 
done some considerable harm, as two gentlemen this evening have 
stated that the Grand Hornu installation is wasteful, one of them having 
gone so far as to say that the system adopted at the Grand Hornu has 
been discarded by the makers. I should very much like to know on 
whose authority this statement has been made. It is not a wasteful 
installation, and, as I shall provc, it comes out better than the ideal in- 
stallation of Mr. Hooghwinkel, who said that 1°5 k.w. are wanted for 
each horse-power hour in mineral raised. 

I propose to traverse the statements in Mr. Mountain's paper. He 
says in Table VI. that the total cost of winding 100 tons at the Grand 
Hornu mines is 195. 71d., as compared with an average, as I make it, of 
9s. 8d. for twelve steam winders given in Table I. As a matter of fact, 
as previous speakers have already said, it ought to have been stated that 
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the average depth of the twelve representative collieries is 435 yards, 
while the depth of the Grand Hornu is 767 yards, or nearly double. 
But this is not the only objection to Mr. Mountain’s figures. If it were 
true that the cost of winding roo tons were 19s. 7}d., I think electrical 
engineers would at once give up the battle ; but, unfortunately, there 
seems to be a misapprehension. Mr. Mountain mentions in his paper 
that, from the communication received from the makers, the total cost 
of generating energy at the Grand Hornu mines is £13 14s. 6d. per 
day, for which amount 16,000 units are generated. Mr. Mountain 
seems to be under the intpression that these 16,000 units are used for 
the winding engines alone, but there are various other apparatus which 
draw on this supply. For instance, there is a 125-H.P. pumping motor, 
two 200-H.P. ventilating motors, a locomotive plant, screens, and other 
accessories, amounting altogether to more than 1,000 Н.Р. In order to 
arrive at a figure which actually represents the consumption of the wind- 
ing engines at Grand Hornu, Mr. Mountain ought to have consulted page 
37 of the document furnished to him by the makers, where a curve is 
given of the actual requirements of the winders. Two winders are at 
present working at Grand Hornu, which raise 1,400 tons a day from a 
depth of 767 yards, and this represents a total of 3,640 H.P.-hours in 
mineral raised. From careful investigation with recording wattmeters 
(the curves are given in that communication), it has been found that 
I H.P.-hour in mineral raised draws r46 units from the generating 
station—on the strength of that Mr. Hooghwinkel may possibly correct 
his statement—so that the total consumption of two winding engines is 
5,315 units per day, instead of the 16,000 that Mr. Mountain attributed to 
them. The result is that the sum of £13 14s. 6d., which, according to 
Mr. Mountain's figures, is the total cost of winding per day, is reduced to 
£4 115. 3d., and the 195. 724. рег тоо tons raised is reduced to 6s. 6d. 
'This point is very much the most important of all I wish to say, but 
there are some other little points that I wish to remark upon, and I will 
shortly mention them. Mr. Mountain says that this unfavourable result 
—] suppose he will now call it a favourable result—is only attained by 
working twenty-four hours a day. I have some information that the 
winding is done in seven hours. The other points are minor ones 
compared with these, and have been partly dealt with by previous 
speakers. I may add that I think with an electric winding installation 
the boiler plant works out smaller, not only because less coal is burnt, 
but also on account of the steadier load of the boiler plant, because 
there are excellent means of balancing every peak in an electric 
plant which must be provided for in a steam plant. 

If I may be allowed to refer to the discussion also, I should like to 
mention one point that Mr. Markham laid special stress upon at the 
last meeting, namely, the acceleration. He said electric winding would 
have very difficult problems to solve, because steam winders were ever 
so much better for the acceleration of heavy masses. I think the 
problem of acceleration in winding is not nearly as difficult as the 
problem of acceleration with reversing rolling mills, and it may interest 
Mr. Markham to know that lately five huge rolling mills have been 


1906.] JOINT DISCUSSION. 531 


converted for electric driving, which reverse ten to twelve times per 
minute, and have an average driving capacity of 10,000 to 14,000 H.P. 
Compared with these the electric winders are toys, as Mr. Mountain 
says. Electrical engineers know well enough that the latest develop- 
ment of continuous-current dynamo design allows for practically an 
unlimited amount of current to be taken out of the dynamo with 
low voltage, so that the acceleration problem does not require any 
new development. The electric driving of these rolling mills was 
decided upon, not on account of any saving in the coal-bill, but in 
order to increase the output of the rolling mills, or what amounts to 
the same thing, for the better and more energetic acceleration obtain- 
able by electric motors. 

Altogether, I think the opposers of electric winding must come 
with heavier guns if they want to check the progress of electricity. 

Mr. A. S. CLIFT : It is quite true that in most instances the first cost 
of a steam winder is less than that of an electric winder, but, on the 
other hand, I think it will be admitted that the electric winder is more 
economical as regards steam consumption than the steam winder. 
Therefore if coal costs nothing, winding by steam would be cheaper, 
and if coal is valuable, winding by electricity would be cheaper. "There 
is some coal value at which the two systems are about on a par, and 
I think it would be of possible interest to you if I tried to show you 
where this point occurs: and to do so I will use some of the data 
which were handed to Mr. Mountain by Messrs. Siemens Brothers. A 
part of these data is shown in Table A. The result of the twenty-four 
hours’ test under ordinary working conditions was that the steam 
consumption at Zollern during the main working shift was 26 lbs. 
Throughout the whole twenty-four hours the average steam consumption 
per H.P.-hour in the shaft was only 314 lbs. Table B. shows for the 
eleven collieries listed by Mr. Mountain the total effective H.P.-hours 
in the shaft, and the calculated steam consumption per effective 
H.P.-hour in the shaft, based on 7 lbs. of steam per Ib. of coal, which 
is the figure that Mr. Mountain mentioned at:the last meeting as a fair 
average. In Table I. of Mr. Mountain's paper he only refers to the 
figures given for the Hulton Collieries as having been obtained under 
actual tests. As the figures of steam consumption vary very consider- 
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ably, I think it would be of interest if Mr. Mountain would kindly tell . 


us in which of the collieries the boilers were isolated, because it is only 
by this means that the amount of coal which is properly chargeable to 
the winding engine can be ascertained. Mr. Mountain has criticised 
the use of the figure giving the amount of steam per effective H.P.-hour 
in the shaft, saying that it does not convey much meaning to the 
average colliery manager. This has not been my experience. I 
believe that colliery managers appreciate exactly what this quantity 
means. [t is really the true measure of efficiency of any winding 
engine. Itis better than taking the coal consumption, because the un- 
certain quantity of the evaporative capacity of the coalisthus eliminated. 
In the same way, the effective H.P.-hours in the shaft per day are the 
true measure of the capacity of a winding engine. Upon those two 
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sets of figures comparisons really should be based in order to be fair. 
I should like to refer to Mr. Mountain’s Tables IV. and V., in which he 
compares steam engines with electric engines. In the first. part of his 
paper Mr. Mountain points out the advisability of choosing a long 
period of acceleration in order to reduce the peak load of a winding 
engine. That applies equally to a steam winder ; but it will be noticed 
that he gives in Table V. for the electric winder the very small period 
of acceleration of six seconds for the second case and nine seconds for 
the first case, while the corresponding period for the steam winder in 
one case is more than double. It seems to me that is unfair to the 
electric winder, because under these circumstances its peak load must 
be very much greater than it need otherwise be, and the cost of the 
installation will be unnecessarily increased. In Table V. the rates of 
acceleration and retardation are the same, but the periods of accelera- 
tion and retardation are different, which is a physical impossibility. 
Taking the figures for the maximum speed of the steam winder and 
the time of acceleration, of full speed run and retardation, and working 
them out, it will be found that the first steam winder, listed in Table IV. 
as winding from 500 yards, will only, according to these figures, wind 
from 319 yards; the second winder will only wind from 350 yards 
instead of 500 yards ; and the third winder will only wind from 400 
yards instead of 700 yards. The time for changing trucks given for 
the electric winder is very much longer than for the steam winder, 
which means that the electric winder has less time in which to ac- 
complish its wind, and must be made correspondingly larger and more 
costly. In order to draw up what appeared to me to be a fairer com- 
parative table, I have taken Mr. Mountain's figures for the third case 
and reproduced them in Table C. The figures for the steam winder 
have been left practically unchanged ; about the only difference made 
for the steam winder is in the amount of coal burnt. Mr. Mountain 
gives a figure of 13 tons for this steam winder. I imagine that this table 
may have been drawn up by the makers of the steam winder. They 
would naturally make it appear as favourable to the winder as possible, 
and they have apparently assumed an evaporative capacity of то Ibs. of 
steam per Ib. of coal. At that rate it is possible that 13 tons of coal 
would drive the winder under test conditions. ‘Taking the same 
evaporative capacity of coal for this steam winder as has been taken 
for the electric winders in the lower table, namely 7 lbs., the amount 
of coal would rise to about 19 tons. In order to make the figures what 
would seem to be a fair average comparable with the average figure of 
30 Ibs. of steam (per H.P.-hour in the shaft) which I have assumed for 
the electric winder (not the lowest possible figure, which would be 
about 24 165.), I have given the coal for the steam winder as 20 tons. 
I think that is very fair to the steam winder—if anything, perhaps too 
fair. The result of the table is stated in the last column, and the 
figures differ considerably from those given by Mr. Mountain. I have 
plotted my results in diagrams to show them more clearly. In 
Fig. B the black line indicates the cost of winding with a steam 
winder at different costs of coal. The dotted line shows the corre- 
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sponding cost of electric winding. The two lines cross at about 3s. 
Although calculated quite independently, the figure which Mr. Hoogh- 
winkel gave for the cost of winding at De Wendel, which is a plant 
corresponding in size, falls on the dotted line of Fig. B. In order 
to have another check, I have worked out an electric winder which is 
of the same capacity as one of the Hulton Colliery winders. I believe 
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8 
Cost of Coal per Ton in Shillings. 
in 74 Hours from a Depth of 312 Yards. 


Fic. C.—Engine Winding 567 Tons of Coal 
g with Steam Winder. 


20 
Dotted line indicates cost of winding with Electric Winder. 


Black line indicates cost of windin 


Cost of Coal per Ton in Shillings. 


Fic. B.—Engine Winding 2,000 Tons of Coal 
in 8 Hours from a Depth of 7co Yards. 
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it is the first winder, the one which is working under rather better 
conditions. I selected the Hulton Colliery winder because it is one 
which Mr. Mountain marked in his table as having been actually 
tested. The result is shown in Fig. C, and it will be seen that the 
lines there cross at the same point, namely 3s. The inclination of 
the lines to the horizontal is interesting. It is obvious that the deeper 
the wind, the more inclined the cost line will be. If a horizontal line 
be drawn from the intersection of the cost lines with the line forming 
the left-hand margin of the diagram, the ordinates between the base 
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line and the horizontal line represent the fixed charges and labour. 
The ordinates between the horizontal line and the cost line represent 
the cost of coal per тоо tons wound. Obviously the latter cost increases 
with the depth of shaft. There is not time for me to go into the many 
subsidiary reasons which, in numerous cases, form powerful additional 
arguments for the introduction of electric winding. I have tried to 
make a comparison exactly as indicated by Mr. Mountain, and to 
make it as fairly as possible. If I have erred, I believe it is in choosing 
some figures for the steam winder which are more favourabe than would 
be attained in practice. It seems to me that the errors in Mr. Moun- 
tain's tables do not lead one to place great reliance on the remaining 
figures. But, apart from this, I believe that a careful study of the paper 
in conjunction with the data I have given will show conclusive evidence 
of the fallacy of Mr. Mountain's deductions. At the same time, we 
owe him many thanks for having raised the subject, giving us the 
opportunity for this discussion, and I shall be very glad if I have been 
able to add anything of interest to it. 


TABLE A. 


TEST OF ELECTRIC WINDING ENGINE AT ZOLLERN No. II. Pir. 
DISTRIBUTION OF POWER OVER THE SEPARATE SHIFTS. 


6—2 2—3 3—10 10—6 | 
Morning Winding Noon Night | 
Shift. Men. Shift. Shift. 
Total k.w.-hours de- | 
livered by generat- 
ing plant ... er 907633 71582 750075 477079 
Total steam consump- | 
tion, Ibs. ... ... | 168,250 I4,IIO 137,520 97,463 | 
Steam consumption 
per k.w.-hour ist 18:536 I9'7I I8:318 2043 | 
K.W.-hours absorbed 
by winder ... | 2102707 83:96 1577°18 55218 | 
Effective Н.Р. -hours | 
in shaft sit Же 156200 13:053 99013 92700 


K.W.-hours per effec- | 
tive H.P.-hour іп 
shaft.. 5 5 I'403 6°43 1:502 6°00 
Steam ` consumption | 
per effective H.P.- | 
hour in shaft in Ibs. 26°01 126°77 29:178 122762 


' SUMM; ГҮ FOR THE TWENTY-FOUR HOURS, 


Total k.w.-hours dei? red by Bene ee .. 2206060 
Total steam consumption  ... ut ... . 417345'00lbs. 
Total steain consum tion per К. w. -hour as si я 18:91 Ibs. 
Total k.w.-hours ^ sorbed by winder ... sas A 4405°39 
Effective H.P.-hours in shaft 35% TM ec 2657°183 
K.W.-hours per effective H.P.-hour in shaft к se 1:657 


Steam consumption per effective H.P.-hour in shaft ... 31351bs. 


ar es a ame АР [йаа 2.‏ ی چ ت 


Case 3. Mr. Mountain's Figures 
Steam | do do. do. (corrected)... 
Winder | йо. do. do. Coal at 6s. per ton. 
do do. do. do. 88. do. 
Case 3. Mr. Mountain's Figures 
Electric me Proposal s dee 
indes | do. do. Coal at 6s. per ton ... 
do. do. do. 8s. do. 


day of 8 Hours. 


Coals in Tons per 


— 


Depth of Shaft 
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The test was taken on November 25, 1904, and extended over 
twenty-four hours. The engine was winding at about half its full 
capacity from a depth of 200 yards. 2,423 tons of coal were wound in 
the two working shifts. At the changes of shifts 1,024 men were taken 
down and 1,007 men brought up ; the weight of the men was averaged 
at 165 Ibs. 

The steam consumption was ascertained by weighing the water 
delivered to the boilers during the test. 


TABLE B. 
‘fectly Steam Con- 
Name of Depth of Tons of Pas go sumption 
Collier , | — Shaft. Coal Wound, | the Shaft Burnt ре Effective 
4 | Үагдз. per Day. .P.-hour in 


рег Day. | per Day. | the Shaft. 


Bolsover Colly. Co. | 372 2,000 2,525 


I2 
Denaby & Cadeby 763 3,360 8,700 83 
Tredegar Coal Со. 272 600 554 177 
Lancs. Colliery ... 775 755 1,986 II4 
Richard Evans ... 550 1,260 2,352 95 
Silkstone Colliery 335 1,280 1,455 70 
H. Rhodes sis 550 3,186 5,947 48 
Hutton Colliery... 312 567 600 102 
Do. 255 440 374 558 12 
Atherton Colliery 376 581 741 5 
Do. ЕЕ 489 581 964 45 
Hickleton Main... 542 2,900 5,334 88 
Sherwood is 444 3,600 5,425 31 


Average... 9o 


The evaporative capacity of the coal is taken at 7 lbs. of steam per 
1b. of coal throughout. 

Mr. С. S. Ram: I should like to make one or two remarks with 
regard to Mr. Sparks's paper. At the last meeting Mr. Sparks drew 
special attention to the fact that he got out his scheme before the 
Home Office Mining Rules were issued. In one respect I think he 
has gone one better than the Mining Rules, and that is with regard 
to the method which he adopts for earthing all his metal work below 
ground—controller cases, switch covers, motor frames, and such 
like. There is often a difficulty in knowing how this can satisfactorily 
be done, but Mr. Sparks has got over it by running a special “ earth” 
cable from the surface and along the roadways, branching to wherever 
it is required. The importance of having cases, casings, armourings, 
and so on earthed is very often overlooked. It is not realised by many 
people that the conditions ina mine are such that if a man gets a shock 
at all he is likely to get a very bad one, even although the pressure may 
below. For example, in a case I had to investigate last year, a man 
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was killed by only 230 volts continuous current under circumstances 
which might occur in any mine. He was on his way out of the mine, 
and was passing along the main roadway. Не had no clothes on his 
back, and the ground was wet. There were some tubs off the line, and 
he had to squeeze against the wall to get past them. In doing so he 
pressed his back against an armoured cable. It so happened that the 
armouring was alive, and he was killed outright. The usual excuse 
was made that the man must have had a weak heart, but the post 
mortem examination showed that his heart was perfectly sound and 
that he was in other respects strong and healthy. Mr. Sparks does not 
say, however, how he earths the end of his “earth” cable. This again 
is an important matter on which people have very different ideas. I 
was at a colliery a fortnight ago where some substations were being put 
down, and earth plates were being put in while I was there. A hole 
had been dug 7 or 8 ft. deep, and three plates, each of }-in. galvanised 
iron, 3 ft. square, were put into it. The hole was to be filled up with 
a mixture of coke and earth. The total surface of the plates was there- 
fore 54 sq. ft. In another case of a substation put down by a large 
power company, I thought I would investigate how they made their 
earth connection. I traced the earth wire to the outside of the building 
to where it went to ground. А man was sent to fetch a pick and a 
shovel to get some ground out. While he was gone I got hold of the 
wire and pulled it, and up came the earth plate. It measured exactly 
74 ins. square, the total surface being therefore less than a square foot. 
It was buried 6ins. below the ground in perfectly dry earth, and 
was probably quite useless. That was also quite a modern substation. 
Coming to the question of the overhead transmission, I gather from 
Mr. Sparks’s paper that where “cradles” are used they are intended to 
catch a broken wire and keep it off the ground so that nobody can 
touch it, but that where “catchers” are used they are intended to earth 
the wire if it breaks. It is not clear, however, from the illustration, 
how the catchers are earthed. Apparently they are merely connected 
to the barbed wire which is wound round the posts and ends in the 
ground. If that is all, I think it is probable that the earthing effect 
will be exceedingly small. In the case of one of the large power 
schemes, where they are using overhead transmission with steel poles, 
an earth wire is carried from pole to pole, connecting each pole, so 
that earth connections are made in many places. In regard to the 
gencrating station, there is one point, to which Mr. Sparks has given 
his attention, which is very important, and that is, that if any part of 
the apparatus in any panel goes wrong he is able to withdraw the panel 
from contact with any live conductor and execute any repairs in safety. 
That is very good so far as its goes, but I do not quite sce from the 
drawings how, supposing anything goes wrong with the fixed contacts 
or main bus-bars, anything can be done there without shutting down. 
Possibly, however, they are capable of being divided up and made dead 
in sections. He carries out the same idea in the substations ; that is to 
say, the conductors can only be got at when the pressure has been 
switched off. That is a very important point, which is sometimes 
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entirely overlooked. I was at a colliery substation recently where 
there were switchboards working at 2,000 volts and 6,000 volts, 
enclosed entirely in expanded metal. They were perfectly safe for 
ordinary working, but as soon as anything went wrong behind the 
screen, nothing whatever could be done without shutting the whole 
place down. Another important point had also been overlooked. 
Three separate 3-core cables of 2,000 volts were taken down the 
shaft and were provided with disconnecting links, so that if one cable 
failed, the other two could continue in use; but the advantage of. the 
arrangement was in a great measure lost, as all three cables were con- 
nected through one switch, so that if the switch should fail the whole 
supply would break down, It is often astonishing to find how small 
points which are, in a way, of extreme importance under actual working 
conditions, are overlooked. 

Mr. A. F. STEVENSON : I. want to say one or two words in con- 
nection with Mr. Sparks's paper with regard to the use of high-tension 
core cables in a pit. In this case, where there is a skilled engineer to 
look after them, and to see that the earth connections remain on the 
switch-cases, and so forth, it is quite safe, but in the average 
colliery, where the man in charge of the plant is very often only an 
educated roadman, if the removing of an earth connection makes the 
plant work all right, he will remove it and let anybody take the risk. 

After all, what is saved by doing it? A few hundred pounds of 
plant, and against that there is increased liability to break down 
(although, I suppose, the plant manufacturer will not admit that), 
greater risk to life, and further, the colliery managers themselves can- 
not be expected to handle 3,000 volts as they would 500. If anything 
goes wrong, thcy have to wait until the manufacturer can send some- 
one down to put it right, and in the meantime thousands of pounds’ 
worth of damage can be done, I have had myself many experiences 
of recklessness in pits, in spite of the Home Office Rules. For 
instance, I make a practice, when visiting a colliery, of inquiring as to 
the performance of the leakage indicator, and find that, in some cases, 
they have not yet got one ; in others that, although the instrument is 
on the board for appearance, it is not connected up, and in others 
where the instrument is in working order, no notice is taken of its 
indications. 

Even when a first-class firm is doing work in a. colliery with 
a full specification for earthing and shielding, they may send down a 
man who is very good on generators and motors, but he may know 
nothing whatever about some of the other parts, and in that way 
neglect some very vital points in the connecting up of armouring and 
so on. I have had experience of that myself. | 

With regard to the cables used in the Powell Duffryn pits, as far as 
the underground work is concerned, I think many people who have 
done cable work in collieries will agree with me that paper cables are 
not very suitable, more especially when they are lead covered, as in 
many pits the water has a very bad effect on the lead covering ; in fact, 
there are many pits where lead covering will not last twelve months. 
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x ББ. I know of many cases where oil has run down the cable in the shaft 
until it has filled all spaces, and acquired such a “hydrostatic” head 
that the lead covering in one case was ripped open, and in another case 
the lid of a switchbox was broken. 

Paper cables are much improved now, but that sort of thing may 
happen in a warm pit. Then, if a lead covered cable of that type 
is damaged, and there is water about, instead of having to repair, as 
with other cables, just that particular place, you may have to pull out 
many yards of it. With low-tension cables not covered with lead, 
if damage arises through a fall, in many cases the pump beyond the fall 
has gone on working, whereas with 3-core lead covered cables such a 
thing isimpossible. I know of several large pits where they have gone 
so far as to dispense with 3-core cables in the shaft, using three 
single cables without any metallic covering on at all, and encased in 
wood, which enables them in a shaft of 600 yards to do without any 
joints. Joints, I think, are admitted to be a great source of trouble, 
especially in a shaft where there is much water and the means of 
attachment are very crude; and the use of light single unarmoured non- 
lead covered low-tension cables enables them to be dispensed with in 
both shaft and road in nearly every case. 


DISCUSSION AT MEETING OF APRIL 5. 
7 


Мг. ХУ. Н. PATCHELL: In connection with these papers the dis- 
cussion seems to have centred more round Mr. Mountain’s paper than 
around that of Mr. Sparks. With regard to the figures in Mr. 
Mountain’s paper, I hope he will throw more light on them when he 
makes his reply, more particularly as regards Table I., which purports 
to show what steam winding engines are doing. We there have 
twelve examples, of which only two, Nos. 8 and о, are marked as tests; 
but I find that in Nos. 1, 2, 8 and 11 the coal per wind multiplied by 
the number of winds per day equals the total tons of coal per day, so! 
presume that these are actual test figures, although it is only mentioned 
in two cases. In case No. 9 the total should be 374 and not 399, as set 
out in the column. No. ro is hardly comparable with the others, 
because the winding is done from different levels. "With regard to 
No. 12, Mr. Mountain gave a correction last week. I did not quite catch 
what it was ; but as this paper was printed and circulated in March, | 
think a correction which the manager of the colliery published on the 
25th of January in the Iron and Coal Trades S'ournal should certainly 
have been incorporated. Не writes in the fournal of that date that the 
total coal wound was 2,600 tons, not 3,600 tons, as stated by Mr. 
Mountain. 

Mr. MOUNTAIN : You will find those calculations are on 2,600 tons. 
It is a clerical error. | 
EL m Mr. PATCHELL : I am glad to hear that, but there is another! The 

cost per тоо tons is stated by the manager of the mine to be 35. І, 
not 4s. 81d. ; and the latter figure, which Mr. Mountain puts down as 
the cost, the manager states is the cost including interest and déprecia- 
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tion. Further, on this particular test it is stated that there is a M 


174-hours' shift. But the ordinary English miner does not, as a rule, 
work for 174 hours on a shift. How the men came up in the 
meantime is not apparent—whether they came up by a man engine 
or another winding enginc—but I presume that the shift is not con- 
tinuous. In case No. 3 the arithmetic is again incorrect; the total 
should not be 550 to боо, but 1,324. In case No. 5 a similar mistake 
occurs ; the total is not 1,260, but 1,080 tons. According to the figures 
put down by Mr. Mountain thc engine is winding more than it could 
have wound. Passing to Table V., if the total lift is calculated from 
the data given as to the acceleration and retardation, I find that No. 1 
would only travel 320 yards, not 500; No. 2 would only travel 346, and 
not 500 ; and No. 3 would only travel доо, and not the 700 stated by Mr. 
Mountain. I hope he will be able to reconcile these little discrepancies 
when he gives his reply ; but in the meantime they discredit the other 
figures. We shall be very much indebted to any one who will give us 
true figures as to what either steam or electrical winding sets will do at 
the present moment, because all of us who are in any way interested in 
the business want to know. It is stated that electrical winding engines 
are out of the question for heavy work because they do not accelerate 
quickly enough. To know what an electrical] motor can do in the way 
of accelerating we have only to look at what is being done now in rail- 
way work. The acceleration there is greater than ever wasaccomplished 
with the steam locomotive, and if rapid acceleration is wanted an 
electric motor will do it quite as well in a mine as it now can shake you 
off the seat of a railway carriage ! But there is this important point : 
To get through the lift in a short time a steam winding engine has to 
give an enormous acceleration to get the mean speed necessary, and 
the driver frequently turns the steam against the engine or puts on the 
brake at the end of the wind. With an electric winder of the Ilgner 
type that energy, instead of being thrown away, is put back into the fly- 
wheel, so that the cage can be run at the higher speed nearer to the 
bank, and get a high average speed without getting the high accelera- 
tion. On the stand-by question, the figures relating to the winding 
during eight hours are interesting, but that is not where the money is 
lost. The difference comes in in the stand-by hours. Those of us 
who have plant which works a few hours a day and stands ready to 
work for the other 16 or 18 hours a day know well what that means. 
The winding engine has to be kept with steam on it, and the boilers 
have to be kept under steam ready to do full load instantaneously, so 
that the radiation losses are enormous. I do not think it would be too 
high to put the coal taken for stand-by work at 25 per cent. of the 
coal taken for useful work. Some interesting figures on this point 
were published by R. A. Henry in his paper in the Revue Universelle 
des Mines (Liége) in July, 1904. They are much too long to 
quote here, but much too valuable to pass by without referring to 
them. From some of thc figures in his tables it will be found that 
50 per cent. of the total steam used during the twenty-four hours 
was actually wasted—that is, it did no useful work. 
VoL. 80. 86 
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With regard to Mr. Sparks’s paper, Mr. Ram last week mentioned 
one point in connection with Fig. 11 upon which I would like a little 
more information. Could Mr. Sparks give us the scale? Part of the 
switchboard runs ont on to a little wagon, which we saw when he 
showed the photographs, but one has no information as to what the 
scale is, although in some of the other drawings of the substation work 
the scale is given. I do not see how a man is to get safely over the 
wall after pulling out the switchboard and get at the ends of the feeder 
mains, or at what apparently are the bus-bars at the back, which, I take 
it, do not come out on the little wagons. To know really whether 
that sort of board is best for the purpose or not one would like to know 
a little more about it. On the question of the overhead lines, it strikes 
me that they are very close together for bare wires. I should like to 
know whether they have gone through a storm without much trouble, 
or what the effects have been, because these wires are hanging nearer 
together than I would have dared to put them. After a storm one 
finds out the weak spots, and one way of getting out of the difficulty 
might be by putting in another pole or two. With regard to the 
question of the tension to be adopted down a pit, there seems to be a 
feeling that high tension is bad under such circumstances. I do not 
believe that is so. I believe that high tension is treated with more 
respect ; and when I had the honour of serving on the Home Office 
Committee I put that view very strongly before my brother committee- 
men. There is no doubt that low tension is dangerous, as we have had 
evidence lately. More men have been killed in the last few years by 
low tension than by high tension. Low tension is treated with less 
respect than high tension. If you give a man a high-tension plant to 
look after, he looks after it better, as he thinks it more dangerous, and 
that tends to the better up-keep of the insulation. But that is not the 
only point. The higher the tension, the less the current, and the less 
the danger when a burn-out occurs. I have had burn-outs at voltages 
running from тоо, 200, 400, 500, r,000 and 10,000 volts, and the 
smallest area of the burn-out was in connection with the 10,000 volts. 
I do not think that the low tension ought to have the preference shown 
to it with regard to safety that is shown to it in some quarters. The 
haulage data given by Mr. Sparks are just what are badly wanted. 
Many accounts have been published of haulage sets, and if anybody 
will take the trouble to check them they will find some are absolutely 
physical impossibilities. I have checked some, and find that the 
motor, even at treble its nominal rated load, would not move the 
“journey " or train of trucks. Electric haulage will not only save the 
coalowner money because it handles the part of the plant which Mr. 
Sparks admits has only 74 per cent. load factor, and so is very bad, but 
it shows him at once, if he has instruments on his motor, where his 
road is bad. I saw an electric winding engine diagram lately in 
connection with a shaft which had rigid guides, and at one place the 
tightness of the guides and the undue work put on the machine were 
marked on every trip. I have known the same with haulage sets. If 
one has a steam engine or a horse, one does not recognise what he is 
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doing ; a little more steam or a little more whip and it passes by ; but 
with a motor it is scen at once by the ammeter that one part of the road 
is bad, and that money will be saved by attending to it. And not only 
that, but one does not wait for the road to be bad enough to let the 
trucks run off it, and so accidents are avoided that take time and money 
for repairs. In Mr. Sparks's final figures I am not sure whether his 
output is “at the rate of,” or whether it 15 the actual output “for” twelve 
months. I should be very glad if he would tell us that. He sent me 
some figures lately for twelve months, but I gather from the paper that 
the plant has not been running for twelve months, and that the output 
is “at the rate of.” 

Mr. SPARKS : We started last Мау: it is “at the rate of.” 

Mr. PATCHELL: They were sent to me as the figures for twelve 
months' working, and I gave those figures a place in a table which I 
published at the end of the reply to the discussion on my paper read 
herelately. I put Mr. Sparks's figures in to compare with others which 
had been working for twelve months, and of course there is a vast 
difference between tests and the results of twelve months' working. 

Mr. A. J. BLOEMENDAL : I think that most of the remarks I desired 
to make on Mr. Mountain's paper have already been anticipated by the 
gentlemen who preceded me. There is one point, however, which has 
not been very fully discussed, and about which I should like to have 
heard something from those gentlemen who strongly advocated the use 
of electric winders, namely, some figures on the actual cost of working, 
and the cost of upkeep and repairs to electric winding engines. This is 
something that the colliery manager wants to know about more than 
anything else at the present moment-- what are the costs of repairs, and 
what is the ccst of upkeep of an electric winding plant. I think that 
there is no doubt that they will be considerably higher than the ordinary 
steam winder ; for instance, in thc Ilgner system, we have the additional 
cost of upkeep and repairs for four electric machines, apart from the 
steam engine which is common to both electric and steam winders. 

Referring to Mr. Sparks's paper, I should like to say one or two 
words. In the first place, I notice that the large haulage gears have 
only one motor. I have found it a useful practice with haulage gears 
employing over 150 or 200 Н.Р. to use two motors. This has many ad- 
vantages, especially with a continuous-current system. One is that the 
use of two commutators allows of a simple speed regulation, and in one 
installation which I recently carried out, we, as a matter of fact, had 
two commutators on each one of the motors. From a miner's point of 
view the use of two motors is another advantage. The motors which 
have to run at a very low speed assume a very large diameter, which 
means that they require a good deal of head-room. With two motors 
the diameter, of course, is considerably reduced, and therefore less head- 
room is required, and I have found that the two motor gears are there- 
fore, in many cases, to be preferred. A further advantage which I think 
can be claimed is in regard to the question of stand-by. In the case 
of a breakdown of a motor, with two motors on each gear, one motor 
can be used as a stand-by, the gear simply working with a smaller load 
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until the other motor is repaired and again put into working. order. 
Therefore, apart from the question of speed regulation, I believe that 
these last two considerations, viz., the head-room and stand-by, make it 
desirable in every case, whether the motors are working on a con- 
tinuous-current or 3-phase system, to use two motor gears. With regard 
to the fans described in Mr. Sparks's paper, I see that the motors are not 
arranged for speed regulation. I have found in many cases that the 
colliery manager requires а variation in speed with his fans in order to be 
able to vary the amount of fresh air brought into the mine according to 
his air- ways and the length of road. This will be especially the case if the 
mine is only just opened up. With continuous-current systems, speed 
regulation becomes comparatively easy, but with a 3-phase system, 
of course, as the only one which comes into consideration for large 
plants, the usual difficulty of speed regulation with 3-phase motors 
is encountered. In most cases it is necessary to insert resistances in 
the rotor, which, of course, means a greatly decreased efficiency. I have 
also tried, in one or two installations, to vary the number of poles of the 
motors, but this has not been very successful. If Mr. Sparks has any 
information he can give with regard to this subject, it would be verv 
welcome to me. І also notice that Mr. Sparks has not given any 
figures with regard to the power, or the actual coal consumed for the 
different motors. I suppose the plant has not been long enough in 
operation for any of these particulars to be available. I may therefore 
be permitted to give some data which I collected about a week ago 
on a certain plant. It is interesting, as it offers an immediate com- 
parison between the coal consumption for steam and electric power. 
In a mine recently equipped, a 150-k.w. continuous-current generator 
is driven by a Davy-Paxman engine, which has its own boiler adjoining. 
The generator supplied current for a number of pumps, haulage gears, 
and other machinery. One pump, however, has been left in the pit to 
be driven by steam, this steam pump, having its own boiler, which is 
situated at the pit bottom. The reason why this pump was not also 
converted for electric drive is because it was thought advisable to save 
the installation of a fan, as the boiler at the pit bottom is used for ven- 
tilation purposes. А thirty-six hour test during week ends was made; 
the first with the steam pump, which was delivering 15,000 gallons of 
water per hour. The coal consumption was measured, and it was found 
that per H.P.-hour of water delivered, 3:8 lbs. of coal were consumed. 
We then employed the generating plant for supplying current for a 
motor driving a 15,000-gallon electric pump only. The coal consumption 
was again measured, and it was found to be 3'1 lbs. per H.P.-hour of 
water delivered. ‘These figures, I think, show greatly in favour of the 
electric power, especially as the generating plant was, of course, only 
working on a very small load in comparison with its total capacity. 
There is one more remark I should wish to make with regard to 
the haulage systems. Whereas in the United States of America, and 
also on the Continent, rope haulage has to a great extent been ге- 
placed by electric traction locomotives, very little progress has been 
made with this system in the United Kingdom. As, however, the colliery 
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manager is now very much alive to the question of reducing his working 
expenses, I think we shall soon find them introduced toa larger extent in 
this country also. The progress must naturally be slow, the same as it 
has been in those countries where electric locomotives are looked upon 
as the standard equipment of every well-managed colliery. 

I have recently equipped some mines in this country with clectric 
locomotives. As regards the cost of electric as compared with 
animal traction, the following figures may be of interest. In a 
mine where formerly horse traction was employed, the cost per ton in 
of coal hauled was 1:67d. After electric traction had bcen installed, 
this was brought down to about o'9d., which, I think, speaks well of 
the advantages of electric traction. It must be stated that the interest 
on the cost of the plant and depreciation were taken into consideration 
in calculating the latter figure, whereas in the former the initial cost of 
the horses was not included. i 

Mr. C. P. Sparks: I should like to make a few remarks on Mr. 
Mountain’s paper. In view of the large saving made by applying 
electric driving for subsidiary purposes in collieries, as compared with 
main winding, in my opinion the latter should be deferred until the 
other drives have been converted, as, owing to the present heavy 
capital cost, it is difficult to show direct economy for electric over 
stcam winding. On the other hand, I do not think the position is quite 
as hopeless as that shown in Mr. Mountain's paper. Examining the 
practice of various coalfields, we find that our Continental friends have 
gonc in for electric winding on a large scale, although the reverse has 
been stated іп this room. One gentleman referred to electric winders 
as “toys,” but this opinion must have been based upon incorrect infor- 
mation. With the information before us, we may well ask why English 
colliery proprietors do not adopt electric winding. Some people might 
assume that it is due to apathy. Many of the collicry owners I have 
mct arc amongst the most enterprising traders of this country, and they 
are not debarred from adopting electrical winding by difficulty of find- 
ing the necessary capital, or through fear of going in for something 
that is a little experimental ; but there are fundamental reasons why 
electric winding has not been introduced into this country. In my 
opinion, the reason electric winding has not been adopted here is this: 
If we take the cost as divided between capital and depreciation charges 
on the one hand, and the running costs on the other, we have increased 
capital and depreciation charges to mect on adopting electric winding. 
On the other hand, we have an advantage in lower fuel and running 
costs. Mr. Mountain, in Table П., hardly does justice to the electric 
driving, as I see the running costs put down for steam are lower than 
the estimated cost to be reached with electricity. I do not agree with 
him there. I am certain, owing to the steadier load and the lower 
stand-by losses, there is a very solid saving in fuel and running costs 
when working electrically, but at the moment the capital charges 
outweigh that advantage to such an extent that we have not been able 
to adopt electric winding here. The reasons for adopting it abroad 
are these: First, the hours of winding are nearly double, If we double 
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the hours of winding we naturally reduce the importance of the heavy 
capital charges and increase the importance of the running costs. The 
second reason is that fuel is dearer abroad than in this country ; conse- 
sequently the saving by adoption of electric winding is proportionately 
greater. Thirdly, we find that, in place of working with conical drums, 
the “ Koepe" wheel is generally adopted to minimise the mass requir- 
ing acceleration. Lastly, we have the combination of electric winding, 
always in connection with the general use of electric power for all 
purposes. In his paper Mr. Mountain has debited the electric winder 
with the entire cost of a large generator and boilers, as if nothing else 
was supplied. This is an extreme condition ; and I think we are all 
agreed that it is not a commercial possibility to adopt such a system of 
winding at the present time. I have had two opportunities during the 
last three years of employing electric winders where 750 to 1,000 Н.Р. 
were required. In one case there was a transmission of 2} miles ; in 
the other, a transmission of 1 mile from the generating station. In the 
first case it was proposed to drive the winder direct from the generator, 
and in the second case on the Ilgner system. In both cases the saving 
of 40 per cent. to бо per cent. in the running charges was more than 
counterbalanced by the extra interest and depreciation charges. In 
consequence, steam winding was adhered to, the guarantee given being 
comparable with the figures given by Mr. Mountain for modern steam 
winders, the coal consumption being à per cent. of the coal wound. 
In my opinion, the whole question is summed up in the words, Can we 
reduce the capital cost of applying the electric winding ?—and I think 
wecan. The cheapest method is undoubtedly the direct drive. This 
is only practicable if the generating station has very large units and a 
large output, so that the peaks are relatively unimportant. At present 
the Powell Duffryn Works have haulage motors that each make sudden 
demands of 300 or 400 k.w., these demands being relatively unimpor- 
tant when working with a unit of 1,500-k.w. capacity. That is to say, 
they do not influence the load factor sufficiently to affect the running 
costs. If a power company has units of 5,000/6,000 k.w., the varying 
load from an electric winder becomes relatively unimportant. As soon 
as the capital costs of the electric winder can be reduced, the running 
charges, іп my opinion, will show an economy of 40 per cent. to 50 per 
cent., and will more than counterbalance the extra interest charges, 
which will allow electric winding to make progress in coal mines. If 
we take other mines, where fuel has to be bought, it will be found in 
nearly every case advantageous to apply electric winding at the present 
time. | . 

One other point raised іп Мг. Mountain’s paper is in connection 
with the cost of energy. Ina table which has been circulated this even- 
ing (see Appendix to Mr. Mountain’s reply, p. 578) I see that in the 
case of the Grand Hornu Mine, with an output of 16,000 units 
per day, the cost for one working day, including interest and deprecia- 
tion, is put down as o'2d. per unit. I have not had time to check 
these figures, but in my opinion such a cost, including interest and 
depreciation, is too low. Again, with the output raised to 24,000 units 
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per day, it is put down at o'16d. I think the figure I have given of the 
Powell Duffryn weekly costs (output averaging 15,000 units per day) of 
0'36d., with the cost falling with the increascd output to something under 
0'3 of a penny, including 10 per cent. interest and depreciation, with 
coal at 4s. 2d. a ton, is more accurate than the figures given of one day's 
working cost at the Grand Hornu Mine. I think, on checking these 
figures, the o-2d. would be raised to over o'3d., and the оба. would be 
raised to nearly 4d.—that is to say, the cost per kilowatt-hour, allowing 
a proper amount for interest and depreciation, would be raised nearly 
50 per cent. above the figure given in this table accompanying Mr. 
Mountain's paper. 

Mr. RUDOLF BRAUN (communicated): The power demand of winding 
engines varies between wide limits. During the decking period the 
winding motor does not consume any power, whereas during the accele- 
rating period the load on the motor is equal to two or three times the 
average load calculated for the total time. The load curve will be 
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periodic, and its shape will be dependent on the mechanical outlay of 
the winding engine. Such a load curve is shown in Fig. 1 by the 
letters OABDEO, which enclose an area, the average ordinate of which 
gives the mean power. In order to obtain a constant load on the 
station, following the line ADA,D, some means must be found for 
storing during the pause the energy represented by the area EDA,F 
and for delivering it to the winding motor during the period of over- 
load ABD. This result is obtained by using a heavy flywheel 
arranged so as to absorb energy during the interval DA, and to give 
back the same during the time A,D,. It will thus be possible to install 
a power station working continuously with 100 per cent. load factor, and 
designed for the average power demand, a condition under which 
electrical energy is generated with maximum possible efficiency. 
Different load-equalising systems have been invented, among which 
are the Westinghouse converter equaliser and the so-called Ilgner 
motor-generator systems. 
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The Westinghouse converter equaliser may be used in conjunction 


with either alternating or direct current motors. 

The diagram, Fig. 2, showsthe arrangement for use with alternating- 
current motors. This consists of a rotary converter (1) connected, 
through transformers (2), to the high-tension transmission line. The 
rotary converter on its direct-current side is connected to a direct. 
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current machine (3), with flywheel (4), and is compounded in a special 
way so as to compensate automatically for the magnetising currents of 
the induction motors in the system. The voltage of the direct-current 
flywheel machine is controlled automatically, by a quick-acting regulating 
apparatus (5), from the high-tension transmission line through series 
transformers, This enables the converter equaliser to discharge energy 
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into the high-tension system whenever the load of the latter is greater 
than the constant station output, and to store up energy in the flywheel 
whenever the powcr demand in the high-tension supply system is less 
than the constant output of the station. When no load is on the high- 
tension system, the rotary converter is acting with 100 per cent. power 
factor, giving up to the flywheel the total constant station output until 
maximum speed is reached. The capacity of the flywheel is taken 
sufficiently large to take care of the overload and underload periods of 
the high-tension system. The flywheel machine is preferably built for 
high speeds, in order to obtain high electrical efficiency combined with 
light weight. The flywheel may have a maximum slip of 40 per cent. 
of its maximum speed ; in ordinary service 30 per cent. will be suffi- 
cient. The over-all efficiency of the converter equaliser—that is, the 
energy input divided by the energy output—is about 70 per cent., which 
is at least as good as that of a chemical accumulator, besides the 
advantage of a cheaper price for the output and the small cost for 
maintenance and repair. 

In view of the fact that the converter equaliser is only handling the 
overload and underload energy, which represents but a small amount 
of the constant station energy delivered, the efficiency of the whole 
system will be considerably higher than without the equaliser. This is 
owing to the fact that without the load equaliser a larger station 
capacity to withstand the maximum load has to be provided, and is 
operated with a very small load factor. The average load factor of the 
winding engines in most cases is not higher than r5 to 20 per cent., and 
the same load factor is on the station without the load equaliser. 

The converter cqualiser in connection with alternating-current 
winding motors may be installed at any suitable place on the alter- 
nating-current system. It need not be situated near the winding 
motor. 

The Westinghouse converter equaliser can also be used in 
connection with direct-current winding motors, and the diagram, 
Fig. 3, shows the general arrangement. The rotary converter (1) is 
connected to the alternating-current mains in the same way as in 
diagram Fig. 2. The direct-current side is connected to a direct- 
current machine (2), and this machine is fixed on the same shaft with a 
flywhecl and a direct-current machine (3). This latter, being connected 
in series with the machine (2), acts as a voltage regulator in order to 
obtain a variation of voltage on the winding motor terminals (4) 
between minus maximum and plus maximum. The direct-current 
voltage of the machines (1), (2), (3) is one half of the maximum voltage 
of the winding motor (4), so that if the latter is built for 500 volts, the 
machines (1), (2), and (3) will have 250 volts each. 

When the winding motor (4) has to be started, the voltage of the 
regulating machine (3) will be opposite to that of the machine (2). By 
decreasing gradually the voltage of (3) to zero, and increasing it in 
reverse direction, any desired tension between zero and maximum may 
be applied to the winding motor. In order to regenerate it is only 
necessary to decrease the voltage impressed on the winding motor. 
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Мг. Braun. The energy will always be taken from the alternating-current supply 
circuit with approximately 100 per cent. power factor; or leading 
current may be sent into the same by properly regulating the shunt 
field of the rotary converter. The voltage regulating machine (3) can 
sometimes be omitted and the winding motor (4) started by resistance. 
This will be applicable in all cases where the losses in the starting 
resistance are very small. 
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The converter equaliser as shown in diagram, Fig. 3, will also act so 
as to equalise at the same time the load variations on the alternating- 
current circuit produced by any other motors. It may be compounded 
іп а suitable way in order to regulate the power factor of the whole 
alternating-current system. If equalising of the entire alternating- 

. current load is not required, the automatic regulator will be connected 
into the direct-current side of the converter, and the motor magnet 
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operated by direct current. The converter cqualiser for direct-current Mr. Braun. 
motors must be installed in the neighbourhood of the winding engine. 

The direct-current winding motor will usually be shunt wound, 
particularly if electric regencration is required. It may be series 
wound if used for large haulage gears. 

The Ilgner system is an adaptation of the Ward-Leonard motor 
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generator, with a heavy flywhecl, to winding engines. Only direct- 
current winding motors can be used. The motor of the motor 
generator is cither an induction motor with slip-rings (diagram, Fig. 4), 
or a direct-current shunt motor (diagram, Fig. 5). The generator is 
shunt wound and connected to the direct-current shunt-wound winding 
motor. The generator and the winding motor are separately excited, 
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and by varying the excitation of the generator any voltage between 
minus maximum and plus maximum may be applied to the winding 
motor terminals. The operation is as follows :— 

“Тһе motor (1) is first started and brought up to speed with the fly- 
wheel (2), dynamo (3), and the exciter (6) on the same shaft. The field 
circuit (7) of the exciter is then closed and current is supplied to thc 
field winding (8) of the winding motor. By moving the controller (5), 
consisting of a reversible field rheostat, the field current of the 
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generator, and consequently the voltage at its terminals, can be varied 
to any desired degree. In order to let the flywheel discharge a part of 
its kinetic energy, the motor coupled with it must be allowed to slip. 
This is obtained by inserting resistance in the secondary of the 
induction motor, or by regulating the field excitation of the direct- 
current shunt-wound motor. The regulation is arranged to work 
automatically and keep the input of the motor constant. 

With an induction motor the speed variation can for economical 
reasons be not higher than ro per cent. of the maximum speed ; with a 
direct-current motor it may be as great as 30 per cent. 

Mr. L. К. WHITMORE (communicated): As a contributor, more or 
less, to Mr. Mountain's paper in connection with the figures and 
estimates given by Messrs. Fraser & Chalmers, I have very little to 
add that is not made clear in this paper. On behalf of the author 
I may safely say that steam engine builders and electric winding 
engine makers have every reason to appreciate the trouble that Mr. 
Mountain has taken over this subject. There is, without doubt, a very 
large field for both classes of manufacture, and if, as his paper points 
out, steam winding has the advantage over electric winding in deep 


1906.] JOINT DISCUSSION. 651 


shafts, and: especially in single pits, there is undoubtedly a large call 
for electric machinery in that part of colliery plant where it has for 
some time superseded, and has the advantage over, steam plants. Ав 
some doubt obviously still exists as to the relative advantages of 
electric plants versus steam in winding, this paper offers an oppor- 
tunity, if not of arriving at any decided conclusion, at least of obtaining 
the opinion of experts in both steam and electric winding, coupled 
with the practical experience of those who have to deal with exist- 
ing plants, and consequently a more enlightencd view should be 
obtained of the whole matter in the future. In a great many instances 
electric winding has been quoted and argued favourably over steam 
winding when comparing the cost with that found with steam engines 
that are obsolete in design. To find an extravagant engine of this class 
is easy, and would show up steam winding as a failure compared with 
recent clectrical propositions. There is a different complexion on the 
matter, as shown by Mr. Mountain's paper, as soon as it comcs to com- 
paring electric winding with steam plants of recent build, and it is 
quite safe to say that they are not in the least bit exaggerated from the 
steam winding point of view. Table I. in Mr. Mountain's paper is 
decidedly interesting, but it is very hard to make accurate com- 
parisons, as the winding circumstances vary so much, also the load, 
and the time allowed for winding—all of which have a great deal to do 
with steam consumption. 

The Sherwood winding plant, quoted by Mr. Mountain as a 
modern plant, is one in which the coal consumption is greatly 
reduced when compared with the average run of collieries ; the average 
coal consumption for the whole plant being less than 2 per cent. of the 
output of the colliery. This isa very satisfactory figure, and, although 
to a large extent duc to high-class winding plant, it is also somewhat 
accounted for by the minimum horsc-power required in other parts of 
the plant, such as for fan, electric haulage, etc., seeing that the colliery 
is quite a new one. The winding engine referred to, which is a high- 
pressure non-condensing engine, with cylinders 26 ins. by 54 ins., drum 
II ft. diam., is not installed for the main work of winding coal, but up to 
about a month ago it was practically drawing the output of the collicry. 
Since then their main coal-winding engine has taken up the work, 
leaving the high-pressure engine for winding men and such auxiliary 
duties. For this reason the best economy was not a point considered 
when these engines were put in, and on the load that they were wind- 
ing—particulars of which are given in Mr. Mountain's paper, Table I. 
—the engine was decidedly overloaded, as can be seen from the indi- 
cator diagrams taken during the test. Furthermore, the feed-water 
heater, which is usually in operation, was not used on the two boilers 
set apart for this test, so that under normal conditions the coal burnt 
would be less than that stated. Now, comparing this with the best 
results given in Table I., viz, Н. Rhodes, Rotherham, the output is 
only 2,600 tons in 174 hours, as against 3,186 in 11 hours. It can be 
readily seen that the Sherwood engine could deliver practically the 
same output as Rotherham in 11 hours, provided that the time for 
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banking was the same as Rotherham, viz., 7-10 secs. instead of 43 secs. 
Under these altered conditions the total cost per 100 tons wound would 
be considerably reduced from the wages point of view alone, as 
Table I. shows allowance for two shifts of men, as against one for 
Rotherham. Therefore, with the wages the same as for Rotherham, 
which is a liberal figure, and with 720 winds per day, of which 680 
would be for coal and 40 for men, the total output per day would be 
2,920 tons. The percentage of coal used to coal wound would remain 
about the same, viz., 0'4, as I have allowed for a greater number of 
winds for men, and as an off-set to this, continuous running would 
somewhat reduce the percentage. The total wages per тоо tons 
wound put at 8d., cost of coal per тоо tons wound rs. 54d.—the total 
cost per 100 tons wound, with interest and depreciation, would come out 
to about 3s. g}d., lower than any other example in Table I. I have 
pointed out that the Sherwood engine was not installed as being one of 
the most economical type; but the design of modern engines, even 
of this type, is such that the running costs of a colliery, mainly due to 
same, show so advantageously in this Table I. 

The advantage of compound winding over duplex has already been 
proved beyond doubt for pits, say, 400 yards or more in depth, and to 
a still greater extent when they are provided with condensing plant. 
Recent results have shown that it is quite reasonable to expect a saving 
of 25 per cent. over the results obtained by the Sherwood duplex engine 
if a compound condensing winding engine is installed to do the same 
work. Asa matter of fact, the permanent winding engine at Sherwood, 
which is now dealing with all the coal winding, is a high-class cross 
compound engine, intended to be run condensing later on; and 
although there has not at present been any test made to ascertain the 
exact differences of consumption between the two engines, there is 
sufficient evidence to show that there is a considerable saving of coal 
since the compound engine has been started up. It is intended to 
make a test of this engine later on, so as to arrive at this definitely. 

These remarks show definitely that great advances have been made 
in steam winding plants, and unless electrical comparisons are made 
with plants of recent date it is impossible to arrive at any close 
approximation of the relative values of same.  Messrs. Markham's 
figures on Table III. are equally interesting in that they show how 
closely their steam consumption agrees with that of Messrs. Fraser 
& Chalmers on Tables II. and IV. Now the engines referred to in 
Tables II. and IV. are cross compound, not coupled high-pressure, as 
mentioned in the heading. Compared with Table III., which is for a 
coupled high-pressure non-condensing engine, the coal burnt per day 
in case No. 215 II} tons. In Table IV., for a cross compound non-con- 
densing engine, the coal burnt per day i is 13 tons, representing a saving 
of 14 tons in favour of No. 3. The figures given in Table IV. by 
Messrs. Fraser & Chalmers were based on actual results, and it will be 
interesting to know if Messrs. Markham's figures given in case No. 3 are 
also obtained from actual results, and, if so, under what circumstances 
the engine was running. It must be understood that Messrs. Markham 
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and Messrs. Fraser & Chalmers were given certain conditions in which M 


to arrange three different cases of winding propositions. Тһе con- 
ditions given, however, left the matter very open. It is therefore quite 
feasible that, with the many and varied conditions of winding, the 
results may not be altogether compatible until the exact conditions are 
known under which the results are obtained ; and I would suggest that 
had Messrs. Markham proposed compound condensing winding engines 
instead of high-pressure engines, as they have done in Table ПІ., they 
would have shown a better result than they have obtained. 

It has frequently been suggested that the modern type of compound 
winding engine is a complicated machine, and requires the attention 
of skilled drivers, which would add to the wages. This, however, is 
entirely wrong, as in every case under my notice where compound 
winding engines have been started up, the drivers who handled the old 
engines have been put on to handle the new ones, and іп a very few 
days they have become thoroughly accustomed to the new machine 
which, if properly designed, is made so that the man cannot tell the 
difference between driving this and driving a duplex engine. There is 
not the slightest difficulty in running slowly, starting, or stopping at 
any point, nor should there be any jerk on the rope. With common- 
sense attention thcre is no reason why such a plant should not be 
maintained in good running condition for years, approaching in life 
some present winding plants, and neither should the wear and tear be 
any greater. 

There is another point in regard to winding plants which I 
mentioned briefly at the Manchester meeting, and that is the intro- 
duction of the Rateau steam regenerating plant and Rateau turbine, 
coupled direct to a generator and driven by exhaust steam from the 
winding engine. This is a system which is now becoming well known, 
and is likely to increase the efficiency of existing colliery plants 
and to reduce the steam consumption of colliery plants even of 
the highest class. Briefly, the system is one in which the exhaust 
steam from the winding engine is delivered into a large receiver or 
receivers filled with water, or, in some cases, scrap iron, the effect of 
which is that there are large volumes of steam coming in at about 
atmospheric pressure, giving out a great deal of this heat to the iron or 
water, the remainder going, by steady flow, to a Rateau steam turbine 
connected to the receiver, which, in turn, exhausts to condenser. When 
the winding engine is shut down, the water or iron in the receiver 
gives out its heat in the form of steam immediately the pressure begins 
to drop. The flow of steam to the turbine is therefore sufficiently even 
to admit of continuous running, even supposing the winding engine is 
shut down for a few minutes, and, of course, where occasion requires, 
a pipe delivering direct from the boilers, with a reducing valve, can be 
fitted. There are instances where there has been more horse-power 
obtained from the turbine plant than the winding engine (supplying 
it with steam) developed itself. There is a ready use for the 
electricity generated by the turbine plant in all collieries, and, to say 
the least of it, this system is a move in favour of the installation 
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of steam winding plant, as the combination is so simple and the 
chances of breakdowns are, in consequence, reduced. It may be 
argued that under these circumstances it is not necessary to install high- 
class winding engines when the steam is required for a secondary 
plant, but on looking closely into the matter, the advantages of high- 
class winding engines at a reduced steam consumption (coupled with 
a turbo-generator) will be found more than sufficient in steam capacity 
for the demand of electricity required on the colliery, and will be well 
worth the extra cost of the highest class non-condensing winding plant, 
especially when it is considered that the steam consumption of the 
winding plant will probably be 35 lbs. per I. H.P., as against probably 
55 lbs. in an ordinary horse-power engine, which surplus will be blown 


to the atmosphere. Where there is a demand for a larger supply of 


electric power than it is possible to obtain from the steam exhaust from 
a high-class compound winding engine, it is advisable in such a case 
to add a high-pressure set of wheels coupled to the same shaft as the 
low-pressure turbine, or, if preferred, an independent turbine exhaust- 
ing into the low-pressure turbine, the horse-power turbine receiving a 
constant supply from the boilers, for the reason that steam can be used 
so much more economically in a high-pressure turbine than it can be 
in a low-pressure turbine. A feature which cannot be ignored in steam 
winding plants is the fact of having all the winding plant combined 
in one machine. "This feature alone leaves the steam winding plant 
far ahead of any electrical propositions that have, so far, bcen 
introduced. 

There are a few points in Mr. Hooghwinkels paper which I 
cannot agree with. He refers to the average steam consumption taken 
for fifty collieries as being roo lbs. of steam рег useful horse-po wer- 
hour on the rope in average working. As I have already pointed out, 
to make comparisons with existing obsolete winding plants is unfair, 
and by so doing an altogether erroneous conclusion will be arrived at. 
Modern high-class engines are being installed every day, and the 
relative reduced steam economy is bound to result. Не mentions 
25 lbs. of steam per useful horse-power-hour drawing 3,000 tons from 
770 yards, and suggests 40 lbs. cannot be obtained by steam winding 
plants under ordinary running conditions. In the first place, was the 
25 lbs. obtained under ordinary running conditions? In the second 
place, I would say that there will be no difficulty whatever in obtaining a 
steam consumption of 30 lbs. per shaft horse-power per hour from such 
a depth and with such a tonnage by steam winding plants. An ex- 
haustive test has recently been made in South Africa on a compound 
condensing winding engine winding from a vertical shaft 2,290 ft. deep, 
in which a steam consumption per shaft horse-power-hour of 25°55 lbs. 
has been obtained. These results will probably be published shortly. 
Mr. Hooghwinkel gives an example of a steam winding plant, and takes 
for same the Hulton Colliery, which, it will be seen at a glance, is the 
worst of all those on Table I. The modern development of mining 
plants in all directions should certainly suggest to Mr. Hooghwinkel 
that steam winding plants of the present day may reasonably be 
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expected to improve, and be at Icast as good as the best of the M 


old installations. He is apparently also unaware that it is becoming a 
general practice to fit all winding engines with safety appliances, which 
make it practically impossible for a driver to overwind and cause other 
accidents. 

I know of no rcason for having separate boilers for steam winding 
plants, as suggested by Mr. Hooghwinkel. Referring to his table, I 
am able to state the actual results obtained by the Sherwood Colliery 
tgst, which shows 43 lbs. of steam per useful horse-power-hour 
instead of 50 lbs., as shown by the table. As I have already stated, a 
saving of 25 per cent. may be expected; if a high-class compound 
engine is installed to do the same work as this engine was doing, it 
would reduce this consumption to 33 Ibs. of steam per useful horse- 
power-hour. Then, with regard to the other winding instances in 
Mr. Hooghwinkel's table, I shall be glad to know how he arrived at 
the other steam consumptions, as they appear to be very high and no 
details were given in Mr. Mountain's Paper, from which the figures 
were taken. It is evident that it will be necessary to look elsewhere 
for the advantage of electric winding plants over stcam winding plants 
than in connection with the difference of steam consumption between 
the two. In conclusion, I would say that we have no reason to suppose 
that steam winding has arrived at its maximum efficiency. 

Mr. Н. E. MITTON (communicated): I have read with much interest 
Mr. W. C. Mountain's paper on electric winding, and I consider that 
he has touched upon a subject of great importance to mining engineers. 
In Table I. it is difficult to arrive at a true comparison of cost per 
100 tons raised, owing to the varying prices charged for fuel consumed 
and the different duties performed by the various engines, some of 
which appear to be designed to perform considerably more work than 
what they are actually doing. 

At present there is no large winding plant that I know of at work in 
this country, and until some such plant has been erected, I am inclined 
to agree with Mr. Mountain's views, that owing to the heavy first cost 
of an electrical installation the charge for interest and depreciation 
would be so heavy that it would not compare favourably with a well- 
designed steam plant for winding purposes. I am inclined to think 
that at present the only way an electric winding plant could be 
utilised to compare favourably with a steam plant would be by obtain- 
ing the power from some central power distribution company, where 
it might be possible to obtain it at a reasonably low figure. 

Mr. ALFRED J. TONGE (communicated) : We are very much indebted 
to Mr. Mountain for the amount of trouble he has been put to, and for 
the way in which he has marshalled the various facts together in regard 
to colliery winding. In a paper of such Scope it is almost impossible 
to elaborate and explain the conditions under which each of the engines 
is working, and it will be extremely difficult to reduce them to one 
common basis. Mr. Mountain has made an attempt to do so by 
grouping together the whole cost of engines and boilers, including 
interest and depreciation, wages, and coal consumption, and to propor- 

Vor. 86. 97 


r. 
Whitmore. 


Mr. Mitton. 


Mr. Tonge 


Mr. Tonge. 


Mr. Brown. 


556 SPARKS, MOUNTAIN, HOOGHWINKEL : [April 5th, 


tion this to the amount per roo tons wound. This method may be 
very reliable where the object .is to compare the cost of winding by 
steam and electricity respectively upon the same shaft and under the 
same conditions, as Mr. Mountain has done in the tables in his paper, 
but for general purposes I think Table I. would have been considerably 
more valuable if Mr. Mountain had added another column showing the 
amount of cost per roo tons per foot lifted, or an additional column 
showing the amount of steam consumed per hour per horse-power in 
coal wound. Of course, Mr. Mountain has expressly stated in his paper 
that he did not wish to follow on these lines, but before any colliery 
engineer can estimate the advantage which he is likely to gain bv 
substituting electricity for steam winding it would scem absolutely 
necessary to have these figures made clear. There are so many 
variations in the work attaching to labour and to the qualities of coal 
consumed at the boilers that this definite basis for comparison is 
required. Taking the question of value of coal consumed at the 
boilers: In Mr. Mountain's table the lowest value is shown as rs. 6d. 
per ton, whereas the highest is plac^d at 6s. 3d. per ton. It would be 
a difficult matter for one to say whether this is the true proportion, the 
probability being that if the calorific value of the two coals were taken 
they would come much nearer together; consequently the table is 
affected considerably by local selling conditions. Mr. Mountain has 
pointed out that the engines at the Hulton Collieries are not doing the 
amount of work they are capable of doing, and this is more apparent 
from the outputs shown than was really the case at the time of the 
test. The real object of the test was to obtain the amount of steam 
consumed to the horse-power in coal raised, and a definite number of 
hours was taken. The daily winding of coal exceeded the amount wound 
during the test, so that the amount put down for wages of engineers 
and boilermen, depreciation, and interest are in practice correspondingly 
reduced. | | 

In a paper read by me before the Midland Institute of Mining, Civil, 
and Mechanical Engineers in January, 1905, an attempt was made to 
expand the figures taken during winding into the whole period of 
twenty-four hours, the week, and the year. By doing so it was possible 
to arrive at leakage and condensation losses, and to find the influence 
of the non-working hours of the week or year upon the whole amount 
of steam used throughout the year. In the consideration of electric 
winding and steam winding it would secm necessary that these propor- 
tions should be taken into full account. On the whole, however, the 
figures set forth in Mr. Mountain’s paper are probably as accurate as it 
is possible to get, when the information has to be gathered from so 
many different sources, and they will be extremely useful to the mining 
world, and I wish again to thank him personally for his paper. 

Mr. C. S. УЕ$ЕҮ BROWN (communicated) : Mr. Sparks is to be 
congratulated in being able to present such a record of colliery 
electrical equipment. .It will be observed that all the most favourable 
conditions possible to the cheap equipment are available. The area is 


.compact, three miles being the utmost limit of transmission required ; 
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overhead wires can be used everywhere, and 3,300 volts enables the 
energy to be used direct on two-thirds of the motors. I question if 
such a favourable result in capital and revenue costs could be shown if 
higher pressures, underground cables, and transformers had been used. 
The figure of 0°365d. given as the result of the present experience, with 
the possible reduction to o'3d. per unit, is one which is likely to lead to 
considerable agitation in the minds of many colliery managers, and 
especially so where “ power" is being bought at rates varying from 
0'45d. to 0:554. per unit, and even higher. I hold no brief for the 
* power companies," but I think that the results should have been more 
clearly stated, for the following reasons : Where “power” is purchased 
from a statutory power company there are the following items to be 
added to Mr. Sparks's figures :— 

I. Extra cost of transformation, as most power companies supply at 
5,500 Or 11,000 volts. 

2. Extra cost of underground cables laid along public roads at a 
considerable cost for reinstatement as regards the roadways. 

3. The fact that primarily the colliery companies, as a rule, require 
the power for some plant with very low load factor. 

If the extra cost of 1 and 2 are added to Mr. Sparks's figures, and 
allowance is made for the third item, the cost per unit will be nearly 
4d. instead of 0°365d. 

I agree that continuous use of “ power” for pumping and ventilation 
is worth considerably less than 4d. to both buyer and seller, but so far 
the power companies have been unable either to see that thcir best 
consumers are “continuous users,” or that the cost of financing; the 
company has been so high that they are not able to reach low enough 
prices to tempt “continuous users” to take “power.” I think Mr. 
Sparks should qualify his costs under such favourable conditions. It 
cannot do harm to possible installations of a like character elsewhere, 
and it will help to explain the discrepancy between his result of 0°365d. 
and the prices charged by power companies for current where the 
conditions of supply are not so favourably arranged for as in the 
Aberdare installations. 

Mr. Mountain’s paper has been attacked by almost every speaker so 
far. His figures as to cost appear to be the béfe noir of all those who 
are interested in the application of clectricity to winding engines for 
collieries. I must say that the previous speakers have dwelt too much 
on the question of cost. "There are other considerations which should 
be taken into account. The British colliery-owner is not so well 
protected as the Continental coalowner; his market for coal is 
world-wide, and is in competition in many instances with coal mined 
under artificial conditions as regards duty and taxation. The British 
coalowner prefers to employ his capital in the direct application of 
“coal getting ” appliances, and not in elaborating the plant for removing 
the coal from the pit. Iam quite certain that the large majority of 
colliery-owners in this country would prefer to spend the difference 
between electrical and steam winding gear on the mines themselves, 
as, for instance, in mechanical coal-cutters, underground haulage, and 
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pumping. To suggest to them that a fraction of a shilling per 
100 tons can be saved per annum on winding is no great argument 
for the adoption of electricity. And after all, what is the difference 
in favour of electricity on a colliery where the output is half a 
million tons per annum? According to Mr. Clift, on a 700-yard 
shaft with 2,000 tons per day, the difference in cost is 24d. per тоо 
tons, or £520 per annum. As against this, there is the uncertainty 
of the continuity of supply. The winding engine of the colliery 
is the one appliance which may be called upon at any moment 
to rescue several hundred men in a very short time. What would be 
the effect if these men were dependent on the use of a machine which 
in its turn is dependent absolutely on the perfect insulation of cables, 
transformers, switchboards, and generators? A steam-pipe may leak 
at any of its joints and still be “usable,” but a cable may not leak 
anywhere without the gravest risk that the current will be cut off. A 
drop of 50 per cent. in the steam pressure of the boilers supplying the 
winding engine is not such a serious matter as to prevent the running 
of the engine, but a drop of 50 per cent. in the E.M.F. supplied to a 
motor would seriously impair its running satisfactorily. 

Members of the Institution who advocate so strongly the indis- 
criminate use of electricity for winding are apt to lose sight of the fact 
that electricity may be able to do everything, but is it advisable that 
it should be pressed into the service of man everywhere? On the 
whole, I prefer to agree with Mr. Mountain that, until a very much 
larger saving can be shown between the two systems, and until the 
electrical plant is as reliable, steam winding still holds the field. 

Mr. H. M. SAYERS (communicated) : Where the power has to be gene- 
rated on the spot, the main advantage of electrical winding over steam 
winding appears to be the possibility of regenerating some of the 
acceleration work, and giving the driving engine a more uniform load. 
Whether this is worth the additional capital and maintenance charges 
or not cannot be settled as a general proposition, but it is evident that 
the handicap is heavily against electrical winding so far as capital 
charges go. Mechanically speaking, the present practice in main shaft 
winding appears to be at fault, a survival of the days of manual and 
animal winding. The load factor of the whole of the plant employed, 
including the shaft, is so low that capital charges form an unduly great 
proportion of the cost of working, whatever the motive power. This 
means an absolute waste of capital, as compared with that theoretically 
necessary. As an example Mr. Mountain's first case in Table V. will 
serve, winding 1,000 tons in ten hours from a shaft of 500 yards depth. 
This is an electrical wind, and the regenerative action is evidently 
utilised to considerable advantage, since the overall efficiency, coal lifted 
to engine power, is 39 per cent. The useful horse-power (coal lifted) 
is 212, taken as uniform over the whole time, but the maximum power 
needed during acceleration is 1,300, and the steady running horse- 
power 540. With steam winding the figures are, no doubt, worse. 

The moral seems to be that a different method of winding affords 
the only remedy. The ideal method would be a continuous operation, 
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in fact, a vertical conveyor, and it does not appear that the design of 
such apparatus presents serious difficulties. Still keeping to the example 
above quoted, a conveyor speed of 5 ft. per second would give as 
great a delivery of coal in a given time, if one tub were attached at 
every 75 ft. of length. This speed contrasts with the maximum 
of 38 ft. per second required with the cage method, and suggests 
that the durability of the actual winding gear would be better than 
obtains at present. Assuming that it is necessary to lift the coal 
in tubs, as at present, there is no difficulty in devising automatic means 
of exchanging the full and empty tubs at the head and foot of the 
pit, and it would be perfectly safe and practicable to wind men in a 
similar way. It appears probable that the diameter and cost of shafts 
for equal winding capacity might be considerably reduced by the 
adoption of such means. 

Mr. A. ри PASQUIER (communicated): On reading Mr. Sparks S paper 
carefully, one finds very little to criticise, and has to confine one's self to 
seeking for additional information. To start with, I should like Mr. 
Sparks to tell us what reasons led him to adopt a periodicity of 50. 
It can hardly have been on account of the lighting supply, as this 
apparently amounts in all to 170 k.w., of which a considerable propor- 
tion must be underground, where 25 periods would have been perfectly 
satisfactory ; and, if not deemed steady enough for the surface work, 
it would appear as if this could have been well met by small motor 
generators, or by motor driving existing generators, of which there 
apparently existed a good number ; and there is no doubt that with the 
lower periodicity it would have been easier to get the lower motor 
speeds Mr. Sparks considered advisable. A 300-H.P. 48-pole motor at 
I21 r.p.m. is a very much more costly machine than a 25-period motor 
at the same speed, and would not have so good a performance. 

I would also like to ask Mr. Sparks whether he considered the 
question of turbo-gencrators for his power station, as although the 
750-k.w. sets are rather оп the small size for turbines, апа there would 
probably have been little or no advantage in the steam consumptions, 
there might have been considerable advantages in the way of founda- 
tions, having regard to the site chosen. 

Coming to the transmission line, it would appear that the Powell 
Duffryn line apparently consists of three wires, each of 0°08 sq. in. sec- 


tional area, which on the basis given would only supply about оо H.P. 


of motors installed, and it looks as though there is some mistake in 
the figures given, unless the load factor of these motors is exception- 
ally low, or, perhaps, I should say, the diversity factor exceptionally 
high, or there are some other good reasons not stated. The shaft 
cables, on the other hand, appear large in some instances for the 
present work, but presumably it is the intention to provide for exten- 
sions, possibly having in contemplation the installing of some of the 
surface haulages underground in the future. Perhaps Mr. Sparks 
could give us some figures as to the economy to be effected by puttiug 
these engines underground, in respect to the upkeep of the ropes in the 
shaft and the increased friction. | 
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With regard to the question of motor speeds and gear reduction, 
one would like to know why Mr. Sparks fixed on the speeds of 121 r.p.m. 
апа 290 r.p.m. for the 300-H.P. and 150-H.P. haulage motors. In the 
case of the 150-H.P. gears, the drum shafts apparently make about 
30 r.p.m., and unless one reduction can be cut out entirely, there does 
not seem much to gain by adopting speeds below, say, 480 r.p.m., 
which would be a standard speed, and permit of two reductions of 
4:1 each, which is usually considered good practice. The motors 
would probably be cheaper, or, if built on the same frame, the per- 
formance would be better. In this connection the. power factors of 
these variable speed motors appear rather lower than would be ex- 
pected. The weights of the motors given are very interesting. I 
presume the figures given for the air-gap are iron to iron, and not total 
gap, but, judging roughly by the weights, one would almost expect 
them to be total gap. The figure on page 489, dealing with the rotor 
voltage and current at starting and full load, is not quite clear to me, 
and I should be glad if Mr. Sparks would further explain this, as it looks 
interesting. 

Coming to Table V. in Mr. Sparks's paper, there appear to be 
some discrepancies here. А motor speed of 29o r.p.m., with 
the gear reductions stated, would give a drum shaft speed oí 
232 r.p.m., and assuming a mean drum diameter of 5 ft. 6 ins, 
which would be excessive unless there is considerably more rope 
on the drum than is required for the haul, this would give a rope 
speed of approximately 44 miles per hour, instead of 54 as stated. 
The point may not seem important, but it is interesting in check- 
ing up the current consumptions in Fig. 9. Referring to this 
last curve, it looks as though the last “rise " is due to excessive braking 
of the tail rope, and as though the driver could have avoided this by 
notching down on his controller a bit sooner. The same discrepancv 
in drum shaft speed and ratio of reduction appears again on page 495. 
The load curves given on page 496 are most interesting, and full of 
valuable information to any one who has to do with schemes of this 
nature, and I think our best thanks are due to Mr. Sparks for publishing 
such valuable information so unreservedly, as precise figures of the 
load variation on such a supply are very difficult to obtain -at present. 
I trust Mr. Sparks will find time in his reply to deal with the various 
points I have raised, and I wish heartily to congratulate him on the 
very successful plant he has engineered, and his very interesting 
paper. 

Mr. A. C. ANDERSON (communicated) : I have only been able, to my 
regret, to read Mr. Sparks's most interesting paper very hurriedly, but I 
am rather struck by the fact that, as far as I can see, no motors are used 
for coal-cutting in the Powell Duffryn installation. In such a very up- 
to-date plant this seems peculiar, but it may be that the floors and roofs 
аге bad and of varying level. If а fall of roof has occurred it would be 
very interesting to know how the leather-thong arrangement of sus- 
pending the cable therefrom answers in protecting the latter. I note 
that in some cases—for fan, screen, and aerial ropeway motors—liquid 
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starters are used, and that in connection with haulage, winding, and M 


pump machines, presumably others, possibly metallic, are employed. 
Have the liquid starters proved unsuitable for the heavier class of work? 
The rival claims of these two types of starters for изе in mines are of 
much interest, and any account of the author's experience in this 
direction would be very valuable. I take it from the paper that the 
A.C. lighting load amounts to 125 k.w. This bears a very small pro- 
portion to the whole, and as I suppose the frequency of 50 was decided 
upon because of the lighting, it is most unfortunate that lamps cannot 
yet apparently be made to operate successfully on a circuit of 25 cycles, 
for such a periodicity would probably have meant motors both cheaper 
and more mechanical, as well as of better power factor. I think Mr. 
Sparks is to be congratulated on the careful way in which the installa- 
tion has been carried out. As an instance, the special arrangements 
for earthing motor frames, etc., may be cited. It is by such thorough 
thoughtfulness in design that the claims of electricity for use in mines 
are advanced. 

Mr. A. S. CLIFT (communicated): With regard to the revised data 
given by Mr. Mountain at the previous meeting :— 


Mr. Mountain gave 800 to 1,000 К.у. as the steady power which | 


would have to be supplied by the generator. I do not agree with 
this, my figure being 680 k.w., and on the basis of the latter I think 
that the figure given in my table for the cost of generating plant will 
be found ample. It is possible that Mr. Mountain’s over-estimate of the 
power required accounts also for the excessive boiler capacity which he 
says would be required. 

The figures given by me for steady running horse-power are 
not intended to represent the actual horse-power in the shaft, but 
the horse-power which must be delivercd to the motor driving the fly- 
whcel set. They, therefore, include all losses from the terminals of this 
motor to the cage. 

I fail to see how the weight of the flywheel required can 
be deduced from Continental or any other practice. It is a matter 
for calculation in each individual case. One reason for the use of 
heavier flywheels on the Continent is that usually the interval between 
winds is very much longer there than here, and the length of this 
interval can be easily shown to have a direct effect upon the weight of 
the flywheel. The speed given by Mr. Mountain is lower than should 
be chosen for a well designed plant to operate under the conditions 
met with in this country. 

Mr. G. STJERNBERG (communicated): Mr. Mountain’s paper is 
intended as a comparison between electric winding and steam 
winding, but such a comparison clearly does not give correct results 
as far as economy is concerned, if it is confined only to the period of 
full work. No efficient steam engine working at its full capacity, 
fed from boilers erected close to the engine, can be economically 
replaced with electric motor and corresponding steam generating 
plant if we consider it apart from other demands for power. There 
are no tables needed to prove that. Winders, however, belong to a 
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class of machinery which generally works at full output only something 
like 2,000 hours a year, and during the other 6,760 hours they remain 
standing under steam. There is a considerable constant loss owing 
to condensing in pipes, cylinders, etc.; further, there is a constant 
boiler loss, men’s wages, etc., losses which are going on all the time, 
whether the engine is running or not. To make a correct comparison, 
we would, therefore, first of all, have to determine this constant 
loss—for instance, by test—and to calculate therefrom the total loss -per 
year; then add the additional expenditure for useful work during 
2,000 hours, and divide the total by the yearly output. 

If we carry out this calculation, adding the capital cost (interest 
and depreciation) we arrive at a figure which is an indication of the 
economy of the installation. If the yearly output of the colliery 
decreases, the cost of winding per ton will rapidly increase, and so 
much more so the greater the constant loss. If we take the average 
number of winds per day of 250 working days, it will generally be 
found that the winder works far below its rated capacity; in other 
words, winders are generally too big for the work they actually have 
to deal with. There are some very good reasons for putting in too 
large winders, but as a result in many cases the constant losses increase 
to such an extent that their value becomes more important than the 
efficiency at full work ; in other words, it might be more necessary to 
know what the winder is doing when standing, than to know what it 
is doing when running on load, and this point is altogether neglected 
in Mr. Mountain’s paper. 

As regards electric winding, for reasons stated above there are a 
good many cases where electric winding would be more economical, 
although if the comparison is extended only over eight hours of full 
work the steam winder appears to be by far the more favourable. In 
cases of direct winding there are no constant losses to be considered 
at all if we put the cost of current into our calculations at a fixed price. 
When using an Ilgner winder the constant loss is equal to the energy 
required to keep the motor generator running light. By suitable 
arrangements this loss can be reduced to a very small amount, so small 
that in many cases this alone would prove the superiority of electric 
winding over steam winding; but if we enter upon the question of 
electric winding we have also to consider the other requirements of the 
colliery. As a fact, nowadays the position of the problem is as follows: 
The power demands for underground work necessitate introduction of 
electricity at the collieries. The question is then if, having an electric 
installation of a certain output, it would pay also to have electric 
winding; to answer this question it will always be necessary to go 
closely into the details of the arrangements of the individual colliery in 
question, keeping the probable future demands in view. 

Mr. J.S. BARNES (communicated) : I notice that the 3-phase alternators 
are driven by means of steam engines of the slow-speed horizontal type, 
but in installing electrical plant for collieries of a large output, the 
numerous advantages of turbines, as regards economical working and 
satisfactory running, should not be overlooked. The floor space 
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occupied by these engines and the alternator sets is considerable, viz., Mr. Barnes. 
0°65 and o'96 sq. ft. per kilowatt, whereas with a Parsons steam turbine 
and a 3-phase alternator the floor space per kilowatt does not exceed 
072 sq. ft. for large sets of 1,000 k.w., and for smaller sizes, up to 500 k.w., 
from о3 to о4 sq. ft. At Mainsforth Colliery, where we arc installing 
three Parsons turbines with a capacity of 1,200 k.w., the actual floor 
space per complete set of turbine, alternator and exciter, is 130°6 sq. ft. 
This equals 0°32 sq. ft. of floor space per kilowatt of combined set. It 
appears from this that a power-station building equipped with hori- 
zontal engines and 3-phase slow-spced alternators must be two to three 
times larger than one in which turbines are used. 

The steam pressure, 120 lbs. per sq. in., is low for a modern equip- 
ment. At Mainsforth Colliery we have 8 Babcock & Wilcox boilers, 
working at a pressure of 200 lbs. рег sq. in., and superheated to 520° F. 
They give every satisfaction, and are more efficient than low-pressure 
and low superheated steam. 

The switchboard at Aberdare seems excellent as regards the safety 
of the attendants and the running of the plant. I see that the circuits 
have ampere and watt-hour meters. For 3-phase lighting circuits, it is 
essential to install three wattmeters on these circuits on account of 
the phases becoming unbalanced, but in view of the extra complications 
it is a question whether it is worth the cost of the meters, as the lighting 
is only a small portion of the total output. For lighting circuits it is 
always preferable to have an ampere-meter for each phase, so that the 
out-of-balance current can be readily detected ; for power circuits fed 
direct from the main only one ampere-meter, for the middle phase, is 
necessary, as all the phases are equally loaded, but when the centre of 
the system is earthed, it is important that three ampere-meters should 
be used per circuit, viz., one for each phase on power circuits, because, 
should the insulation of one of the cables break down, one ampere- 
meter alone would not necessarily show the overload caused by the 
“earth.” The generator should, preferably, have integrating watt- 
meters and the circuits indicating wattmeters. 

Taking the given coal consumption of 2°7 and 3 lbs. per unit 
delivered, and assuming that 8 Ibs. of water are evaporated per horsc- 
power-hour, or 10°72 lbs. of water per kilowatt-hour, we obtain 28:9 and 
32:1 Ibs. of steam per kilowatt-hour. ‘his is unsatisfactory, as turbines 
do not consume more than 18 to 20 Ibs, of steam per hour, with 
superheat and condensing, and 1o per cent. more without superheat 
and non-condensing, for 750-k.w. and 1,500-k.w. sets. It would be 
interesting if Mr. Sparks would give the data of the formula used in 
designing his cables, showing how he arrived at the sections of copper 
in the feeders, and how he arrived at the maximum voltage drop of 
то per cent. The construction of the overhead cquipment seems 
excellent. Are the cables carried over or under the public roads? 
Are there lightning arresters connected to the overhead lines, both 
at the power station and at the substations? The 3,000-volt armoured 
cables going down the four pits, and extending a distance of 700 
yards from the pit bottom, although within the limit of the recent 
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Mines Act, should, I think, be kept aboveground. There is no great 
advantage in carrying high-voltage lines in the mine, and there is risk 
of breakdowns, on account of the rough conditions to which under- 
ground cables are subjected. 

I presume the fourth wire of the distribution is dispensed with, 
because the neutral point of the star is earthed. I should prefer to 
run the fourth wire for lighting and dispense with the earth connec- 
tion, as this enables better tests of the insulation to be made. I am 
referring only to the secondary side of the transformer. With regard 
to the gears, it is preferable to use rope or belt driving, instead of 
spur gear, as the latter takes up the shock of the heavy overloads, 
especially on large motors, and reduces the risk of leakage from the 
motors to the machinery. Why are 2-phase motors used for hauling 
instead of 3-phase motors? 

Мг. C. P. SPARKS (іп reply): As most of the contributors to the 
discussion have touched on more than one point, I have grouped 
my remarks under the several points raised. 

Pressure.—It is suggested that high-pressure should not have been 
used below ground on score of the greater safety and reliability of 
low-pressure. I am in agreement with Mr. Patchell’s views on this 
point, but I entirely disagree with the advocates of low-pressure 
for underground work where a large power is required ; first of all, 
large motors had to be supplied, some of the haulages requiring 
300 to доо B.H.P., while provision had to be made for pumps exceeding 
this power. With sub-stations above ground the cables may be 14 
miles long before the point of power application is reached, which 
makes it uneconomical to work induction motors satisfactorily at 
500 volts. The essence of success in colliery work is to have a 
steady and an even pressure when starting the motors. Where we 
have met a difficult drive the difficulty has been easier to surmount 
through having large generators and high-pressure cables, which have 
enabled us to keep up the pressure at the motor terminals at starting. 
This could not be done with low pressures. Then with regard to 
the question of safety: in my opinion, 200, 300 or 500 volts, with a 
large current, is far more difficult to control than a high pressure with 
a comparatively small current. Not only in mining work, but above 
ground, the general difficulties of distribution are much greater 
with low than high pressure mains. In cases where street explosions 
occur you will find on investigation that it is not the 10,000-volt or 
the 2,000-volt main that has caused the trouble; it is always the 
low-pressure main. The lower the pressure, the more dangerous it 
is from the point of view of explosion. 

Frequency.—Fifty cycles was selected in place of 25, as the 
former is the standard in England and on the Continent; in con- 
sequence, 50-cycle motors are : somewhat cheaper, and can Бе 
obtained more quickly than 25-cycle motors. 

If the whole of the motors had been very large, slow-speed 25 
cycles might have been selected, but the average size required 
was below 150 B.H.P., 290 revs., up to which point there is no 
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advantage in cost or efficiency through using the lower frequency. 
On the other hand the lighting can be supplied through static in 
place of rotary transformers, and the cost of the transformers for 
the 500-volt motors is somewhat lower at so-cycles than 25-cycles 
for transformers of equal efficiency. 

Earthing.—Mr. Ram raises the question of safety. The Powell 
Duffryn Company, although they had not the Home Office Rules 
before them when putting the work in hand, have not spared ex- 
pense where they could see added safety for their employees. Many 
people suggest that electricity is a dangerous agent; but when one 
considers the risks run in collieries, and the fearful death-roll there 
is in this trade, I think we may claim that electricity is going to 
give added safety to the employees, and the few fatal accidents 
there have been are nothing compared with the enormous death- 
roll that has to be faced in this industry. 

The “earth” connection, where possible, is made to water 
mains, and when these are not available to an earth-plate, 4 ft. square, 
buried in damp soil. The catchers on the transmission line are con- 
nected to an earth wire carricd down and coiled at the base of 
the pole, the earth wire being shiclded by a scantling 7 ft. from 
the ground. 

Size and Type of Unit—When the design of the power station 
was under consideration in 1903, turbine generators were considered, 
and slow-speed engines were selected as being more suitable for 
colliery work, primarily due to their reliability and the fact that 
the colliery mechanics were used to handling this type of plant. 

A comparison has been drawn between the coal consumption 
of the 1,500-k.w. set of 277 lbs., it being suggested that turbines would 
require 33 per cent. less fuel. The comparison is incorrect, as the 
consumption given for the slow-speed set includes all losses in 
auxiliaries, whereas the turbine figure is calculated on another 
basis. The statement that a noncondensing turbine without super- 
heat would only require 19:8 lbs. of steam (18 Ibs. plus то per cent.) 
is quite incorrect. 

Some criticism has been made of the size of unit selected. When 
the power house is complete the station will have two 1,500-k.w. 
and two 750-k.w. units, the two smaller units being able to replace 
either of the bigger ones, the station being worked with two 1,500-k.w. 
sets or two 750 and one r,500-k.w. set. If we had been able to 
proceed with the entire equipment in the first instance, we might have 
put in three 1,500-k.w. sets, but we should still have been met by 
the difficulty that during two-thirds of the running hours we should 
have to use а 1,509-k.w. set working at one-quarter load. The 750- 
k.w. unit with 25 per cent. overload is a large unit compared with 
what is usually put down for industrial purposes in this country, 
and although the small unit in this case, it is relatively big compared 
with what is usually done. 

Swilchboard.—The scale of Fig. 2 is one-cightieth ; each switch 
panel, which is separated from the neighbouring panels by fire-proof 
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division, is 2 ft. 10 ins. in width, which allows sufficient room to get 
at the fixed contacts when the section switch is put on the trolley 
and wheeled away. The bus-bars and fixed contacts require a 
minimum of attention, as the circuit cannot be opened when current 
is passing through the contacts. If it is necessary to carry out 
any repair on the bus-bars the power station has to be shut down, 
as it has not been thought advisable to provide the bus-bars in 
duplicate. | 

The switchboard in the power house controls 3-phase supply 
only. At the sub-stations the lighting supply is given through a 
single-phase transformer connected across two of the phases. The 
connections to these lighting transformers are permanently made, 
and no attempt is made to balance the lighting load, as the power 
required for lighting is relatively a small proportion to the total, 
a sufficiently good balance being obtained by connecting the lighting- 
transformers across one pair of phases at one sub-station, and another 
at a second, and so on, the lighting supply being maintained from 
an independent set of low-tension mains. 

Overhead Transmission.—The high-pressure mains are protected by 
lightning arresters at the power house and at each sub-station ; the 
low-pressure mains at the sub-stations. The high-pressure lines are 
overhead at all points except where they leave the sub-stations to 
enter the mine shafts. Some four hundred poles have been used in 
constructing the transmission lines. We have had some severe storms, 
including thunderstorms, since the transmission lines were erected 
in the spring of 1905. The thunderstorms so far have not troubled 
us. In one exceptional gale accompanied by sleet we had trouble, 
which has been cured by putting in extra poles. 

The B.H.P. of motors fixed at Lower Duffryn has been increased 
since the original lay out by the transfer of motors from other pits. 
Up to now the diversity factor has enabled the supply to be maintained 
here without exceeding ro per cent. drop in pressure. With a further 
increase in the number of motors it has been decided to duplicate 
the route to Lower Duffryn, vid the George Pit, which will give a 
supply to a further pit, and at the same time duplicates the supply 
to Old Duffryn, Lletty Shenkin, and Lower Duffryn pits. 

Cables.—Several of the speakers have objected to the use of lead- 
covered paper cables. The only alternative at present available is 
to sheath with bitumen, which is unsuited for shaft work. With 
the lead sheathing there is undoubtedly a risk of the metal being 
eaten away if the pit water is corrosive. In my opinion the deterior- 
ation is one that must be faced by the colliery. proprietor, as the 
use of the lead-covcred cable increases the safety of the employees. 
It has been suggested that three separately insulated low-pressure 
cables encased in wood are better suited for shaft work. I entirely 
disagree with this suggestion. With any form of cable avoiding 
the mechanical sheath a partial leakage may take place which is 
not sufficient to bring out the *automatic" or blow the fuse, which 
results in a distinct danger to life. In my opinion such a system 
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should be prohibited, as, although the partial leakage would not 
prevent working, it might kill several of the employees in the pit. 

Haulage Gears.—As electric motors had to be fixed to existing 
haulage gears, replacing the steam engines, it was not possible to 
consider rope driving, as this would have necessitated reconstructing 
every haulage engine house. Provided a moderate speed is selected, 
there does not appear to be any necessity to adopt rope driving to 
minimise strains on the motor. If the supply was derived from a 
small power house, rope driving undoubtedly presents advantages. 

In carrying out the conversion of haulages, these have, as far as 
possible, been put under ground to avoid the up-keep of the rope and 
the friction loss in the shafts. I have no figures as to the exact saving 
due to this, but it is of sufficient importance to warrant the fixing 
of all haulage motors under ground if it can possibly be arranged. As 
occasion arises the existing haulage motors above ground will be 
re-erected below. 

It has been suggested that the haulage gears should have been 
driven with two motors, preferably continuous current. Continuous 
current could not be considered, having regard to the area dealt with. 
The use of two motors has a considerable advantage from the point 
of view of stand-by, but the capital cost of such an arrangement 
more than outweighs such advantage. I have not found the haulage 
motors unreliable, and if you split up 150 B.H.P. motors into two of 
half this size it lowers the efficiency and the power factor of the 
system. 

Particulars of gearing given in Table V. and on page 492 have been 
corrected. These, as pointed out, are not in agreement with the 
details given. Тһе speed with the gears as given (Fig. то) corresponds 
to 5 miles per hour with the drums empty. 

Fans.—The question of speed regulation was considered at an early 
stage, and it was found with a fan not working up to its full capacity, 
where the district was just opening up, that it was cheaper to put in 
a small motor at the start, and eventually to put in a larger motor, 
transferring the small one to some other duty. In the case of a fan 
approaching its full duty, pulleys were arranged so that the speed 
of the fan could be raised to the full duty by altering the pulleys in 
the future. In most cases dealt with the fans were working at their 
full duty, and, therefore, the question of speed regulation had not to be 
tackled. 

Cost of Power.—Assuming the correctness of the curves put in by 
Mr. Addenbrooke, they show there is little probability of a power 
company being able to supply an undertaking as large as the Powell 
Duffryn, as with the increasing output the costs dealt with in the last 
page of my paper would fall below o'3d., which figure would only just 
be reached, according to the table, if the supply were given from 
a 60,000-k.w. power station, which would only be required if from 
150,000 to 200,000 H.P. of motors was being supplied for industrial 
purposes from one centre. 

Mr. Mountain suggests that the present working costs of 0*365d., 
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including interest and depreciation, represents the cost at which energy 
could be produced without difficulty in almost any colliery. I disagree 
with this general conclusion ; unless the load factor is higher than that 
given in my paper, if all items of cost are taken into account, the 
average cost to a single colliery will much exceed the figure given. 

Mr. Vesey Brown suggests that certain extra costs should be 
included to compare, with the costs where power is taken from the 
power company, but as the costs of items т and 2 are incidental to the 
power supply, they would be borne by the power company; and must 
not be added to the costs borne by the colliery proprietor. | 

Tests.—Mr. Bloemendal asked for tests of power or coal consump- 
tion for the different motors. I have given figures of the energy taken 
in certain cases. ІЁ is not possible to take any coal consumption tests, 
as once the power station was started it was impossible to disconnect 
and make a special test on one part of the system ; that is to say, we 
could not run one fan or one pump ; we have to supply the general 
wants of this group of collieries. 

Coal Consumption.—Mr. Patchell referred to the figures I recently gave 
him dealing with the B.Th.U. required per watt-hour. As the station 
started in May, 1905, the figures were not based on twelve months' 
working. The power load of a colliery being very similar in summer 
and winter, the figures were substantially correct. The figures as 
under were not test figures, being based on six months' working :— 


Units delivered to mains ... si .. 4% millions. 
Load factor.. és vis .. 37 per cent. 
Average calorific value of fuel es 13,000. 


B.Th.U. per watt-hour .. ... ... 499. 


Electric Locomotives.—I have not sufficient mining experience to 
say that there is no application for these in England, but from what 
I have.seen in South Wales collieries I do not think there is any 
possibility of applying locomotives there. The question of contact 
alone puts this out of the question. Even if the ways were sufficiently 
high.it would be unsafe to use a trolley, and the first thing that the 
mine manager looks at is the question of safety. 

. Coal Cutting.—It is not the intention to use, electric coal-cutters 
in working these pits; compressed air coal-cutters are in use, and any 
further extension of these will be supplied by electrical air-compressors 
fixed in well-ventilated situations in the mine. 

Several speakers have referred to the value of the publication of 
detailed information, usually difficult to obtain. My best thanks are 
due to Mr. J. Shaw, Chairman of the Powell Duffryn Company, 
and to the Directors for having allowed me to publish the detailed 
information of the work I have carried out for them. 

Mr. W. C. MOUNTAIN (in reply): Perhaps I had better reply, as far 
asIcan,to Mr. Patchell’s remarks first. He very kindly pointed out one 
or two small errors, and of course I shall be only too glad to try and 
correct anything which may be wrong. In one of them, referring to 
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Messrs. Richard Evans & Co., it is quite correct that the number of 
winds shown does not quite equal the quantity of coal; but as a matter 
of fact, two tests were made at Messrs. Richard Evans’, one with a 
balance rope and one without a balance rope. With a balance rope we 
wound 1,260 tons with the same consumption of coal as we wound 
1,080 tons without the balance rope, which clearly shows that we 
wound 15 per cent. more coal with a balance rope than without. With 
regard to the tests at the Sherwood Colliery, Mr. Friar wrote to me 
and pointed out an error, but I could not quite follow his figures. I 
read the letter at the Manchester meeting, and it should have been 
reported, but it was not, and I have never seen the notice in the paper 
that Mr. Patchell referred, to. If it appeared, it appeared without 
my knowledge, otherwise I should certainly have acknowledged it 
here. 

In reference to the figures for the Zollern plant given in the paper 
read by Mr. Hooghwinkel, I am not aware that I gave any figures in 
my paper in connection with the Zollern plant. I merely mentioned 
that, judging by the appearance of this plant, including its share 
of the generating plant it probably cost about £20,000. I would like it 
to be clearly understood that my only object in writing the paper (to 
which Mr. Hooghwinkel's was a reply) was to endeavour to bring such 
facts and figures forward that could be grasped by the non-electric 
mind of the mining engineer or colliery manager, and further, that 
these figures should be so grouped that they were open to full criticism 
from both sides. I visited Germany in order to convince myself that 
there was some considerable economy to be obtained by adopting 
electric winding in collieries where the steam required for working the 
winding engine was produced by boilers close to the winder, and also 
in collieries where they were winding from one or more main shafts. 
These are the conditions under which the bulk of the large winding 
engines in this country will be required to work in the future, unless, of 
course, power companies come forward and offer to supply current at 
a price which would enable the colliery-owner to utilise the current for 
winding economically. The conclusion I came to—after inspecting 
the large installation at Zollern II. and also the installation at Preussen 
Colliery (the former being on the Ilgner system and the latter by 3- 
phase current direct at a high voltage)—was that neither system pre- 
sented any possibility of competing against really high-class steam 
engines for heavy work, and I consider that I am only doing my duty 
to the mining profession and also the electrical industry in telling 
them honestly and straightforwardly my conclusions. 

The figures which I have prepared have involved a large amount of 
time and work to get together, not only as regards information 
obtained from the thirteen collieries given in Table I., but also the 
examples of high-class steam winding in Tables II., III., and IV., and 
Table V., which gives my estimated cost of electrical winding gears, 
to compare with the examples of steam winding. In considering the 
application of electric winding many points have to be taken into 
account, such as :— 
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. Cost of coal. 
Mountain. 


. Depth of shaft. 
Speed of winding. 
. Total output. 
. Total winding time per day. 
. Whether it is convenient to use balance ropes. 
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It is therefore quite impossible to make any definite statements, 
such as I have been repeatedly asked to do, namely, for what depths it 
was convenient or economical to adopt electric winding. | 

Мт. Hooghwinkel has criticised the figures which I have given, and 
I am glad that many other members of the Institution have also done 
so, because it is only by a careful consideration of all the points that 
we can arrive at any accurate decision. Unfortunately, Mr. Hoogh- 
winkel has, I am afraid, made some errors in his table of comparison 
between the winding cost at Zollern and my figures. It must be borne 
in mind that the Zollern electric winder is designed for an output of 
1,350 tons 330 yards deep in eight hours, but I understand that the 
plant is capable of dealing with about this quantity of coal up to a 
depth of about 550 yards, so that Zollern may be taken as very nearly 
representing my example of an electric winding gear to wind 1,500 tons 
from a depth of 500 yards. The errors which Mr. Hooghwinkel has 
made are as follows : 

In my paper (Table V. Example II.) it is stated that the weight of 
coal per wind is 3:6 tons. Mr. Hooghwinkel wrongly quotes it as 3. 

The number of winds per shift of eight hours was given as 417 for 
two shifts ; twice 417 should be 834, and not r,ooo. 

The weight of cages I stated as 55 tons. Mr. Hooghwinkel 
gave 3 tons. 

The time of winding was stated as forty-nine seconds. Mr. Hoogh- 
winkel gives it as fifty-seven seconds. 

The consumption of coal on two shifts of eight hours should be 
11'5 tons, not 8*5. 

The cost of coal was given by me as 3s. 6d. per ton. Mr. Hoogh- 
winkel bases his estimate upon 2s. 6d., so that to wind тоо tons the 
cost of coal should be 1144., not 15. 4d. 

The result of adjusting these figures is that the total cost of winding 
per тоо tons, without interest and depreciation, should be 2s. 7d. 

My figures were all based on the assumption that the plant only 
ran for eight hours per day, but if the interest and depreciation has to 
be spread over two shifts, then the cost per 1oo tons after adjusting 
the figures would be as follows :— 

Zollern II. per 100 tons, eight hours’ shift, per Mr. Hooghwinkel, 
gs. 9$d.— Mr. Mountain's example per тоо tons, 11s. 3d. ; Zollern II. 
on eight hours’ shift according to Mr. Hooghwinkel, 6s. 13d.—Mr. 
Mountain's example, 65. 1134. 

It will be noted from Table D, which I give, that the real point 
between us making up the very slight difference which exists 
is the amount allowed for labour. I consider Mr, Hooghwinkel’s 
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TABLE D. 
Mr. 
Zollern II. M M ae тоне: Mountain's 
(2). Example. (Actual). (s shies 
Coal wound per day of eight 
hours 1,350 1,500 2,400 3,000 
Depth of shaft in yards is 330 500 330 500 
Weight of coal per wind, tons 46 36 46 36 
Number of winds per day of 
eight hours . 260 417 521 834 
Weight of cages and slings, 
tons ... 35 55 35 55 
Time of wind i in seconds — 49 — 49 
Time for changing in seconds — 19 — I9 
Total time of wind, including 
changing, in seconds : 104 68 104 68 
Max. speed at ре in feet 
per second . 35 (?) 36 35 (?) 36 
Coal burnt per day of eight 
hours in tons 5% 30 575 5'0 II'5 
Cost of coal burnt, 2s. a per 
ton ... .. : 78. 6d. 148. 5d. 12s, 6d. | 28s. тоа 
Per 100 tons wound . 64d. 1144. 63d. 1134. 
Cost of winding plant. £10,000 | £10,500 | £10,000 | £10,500 
Total cost of proportionate 
part of generating station | £4,000 £5,700 £4,000 65.700 
Wages рег 100 tons wound : 
Stokers - 1144., 64d. | 64d 
Ashmen Vus including — 113d — 
Generator attendant oil and 54. | 5d. 
Winding engine man stores 5d. 5d. 
Is. 444. Is. 44d 
Working days per year 250 250 250 250 
Total cost of winding per 100 
tons ... Is. 52d. 2s. 7d. Is. 51d. 2s. 7d 
Total cost, including interest 
at 5 per cent., depreciation 
5 per cent., on eight hours 
winding day 9s. 92d. IIS. 3d. | 6s. 12d. | 6s. 1144. 


allowance is far too small to meet the conditions in this country. 
I also consider that Mr. Hooghwinkel's coal consumption is too 
low to be safe. I have based my consumption throughout on 
25 lbs. per kilowatt-hour, which means about 15 lbs. of steam рег 
indicated horse-power of the engines, and this is in my opinion 
low enough, considering that steam has to be provided for the feed 
pumps and also something for the condensation in the steam-pipes 
and other losses. 

WhereIthink Mr. Hooghwinkel has gone wrong in his comparative 
estimates is that, instead of adding his depreciation on the plant of 
eight or sixteen hour shifts, he has simply taken the depreciation over 
a year of 365 days, and added the proportion due to the short time 
that the winding engine is working. This, of course, is an incorrect 
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method, but it has the effect of making the amount for depreciation 
very much smaller than the amount which I have provided, and which I 
think it will be agreed is the correct way. . 

Mr. Hooghwinkel then gives another example of the electric winding 
at the De Wendel Colliery, this colliery being equipped with electric 
winding plant to deal with 1,400 tons in eight hours 770 yards deep. 
When Mr. Hooghwinkel's paper was discussed in Newcastle, I assumed 
that the figure representing the cost of the electrical plant included a 
proportion of the cost of the generating plant, but in his reply 
Mr. Hooghwinkel stated that the sum of £15,000 which he quoted was 
the cost of the electric winder only, together with balancer. If you will 
compare this figure with my estimated figure of the cost of winding 
2,000 tons per day of eight hours from a depth of 700 yards, namely 
£14,200, you will see that, instead of my prices being high, they are as 
a matter of fact much lower than the costs quoted against me. At the 
De Wendel Colliery it appears that the coal used for fuel under the 
boilers is very cheap, namely Is. 6d. per ton ; but notwithstanding this 
fact, the paper states that the cost was 6s. per roo tons. The cost 
represents, I understand, the cost of electrical energy from the power 
station, but to this must be added the wages of'winders, including oil, 
etc., amounting to 6d., making the total cost 6s. 6d. Мг. Hoogh winkel 
has apparently omitted interest and depreciation in his cost of 6s. 6d. 
per тоо tons, and then only proposes to add interest and depreciation 
on £5,500, namely, the difference between his estimated cost of steam 
winding and electriciwinding plant; but this, of course, is an incorrect 
method of calculating, because the interest and depreciation must be 
added on the full value of the electric winding gear. At 1o per cent. 
per annum the interest and depreciation on £15,000 is £1,500 per 
annum, or on 250 days winding per annum, £6 per day, or 8s. 8d. per 
тоо tons. Adding this to the original cost of 6s. 6d. brings the total 


` cost of winding at De Wendel to 15s. 2d. per тоо tons. 


Mr. Hooghwinkel has produced a list of about forty collieries 
equipped with electric winding plant, but the bulk of them are for 
very small outputs, and it is conceivable that under these circumstances 
electric winding can be economically adopted, but it would have been 
much more interesting to the Institution if in each case the actual cost 
of these plants had been stated, and the cost per roo tons wound 
worked out on the same basis as I have done in my paper. 

Mr. Hooghwinkel gives the figure of Şo lbs. of steam per useful 
horse-power hour as the best result to be obtained from high-class steam 
winding engines. This figure, however, is much in excess of what 
Messrs. Fraser & Chalmers and other makers of high-class steam 
engines will be prepared to guarantee, and further, the figures, which I 
shall give later, and also the figures taken on the test both at Sherwood 
and Atherton, prove that such figures have been obtained in practice. 
To my mind the term useful horse-power conveys very little of value 
to the mining engineer, because it does not take into account the 
actual horse-power which is required to accelerate, and what will 
appeal to the mining engineer is the cost of winding from his shaft per 
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100 tons. In Mr. Hooghwinkel's paper and also in my own, provision 
is made for one generating plant, or the proportionate cost of the 
generating plant due to winding. In doing this I assumed that electric 
winding is not likely to be adopted in any collieries where it is not 
proposed to drive everything else electrically. In my opinion, it 
would not be safe for any colliery-owner to depend on one engine 
and generator only for such important work as winding, and a 
stand-by set would undoubtedly be required. 

Mr. Hooghwinkel then mentioned the extra safety of electric wind- 
ing. I consider that such a statement is liable to render us the laugh- 
ing-stock of the mining profession. I am quite prepared to admit, and 
I honestly believe, that electric winding is very safe, but it must be 
borne in mind that between the engine and the winding drums there 
are a dynamo, switchboard, cables, motor, heavy flywheel (running in 
two bearings), generator, switchgear, and two electric motors on the 
winding engine, all of which are liable to go wrong. It is quite true 
that if well constructed the risk is small, but the liability still exists. 
Mr. Hooghwinkel also talks about improved acceleration, also over- 
winding devices and general safety appliances. As regards accelera- 
tion, there is no doubt that the steam engine, owing to the enormous 
power which can be put into the cylinders at starting, will accelerate 
more quickly than an electric winder, and the figures which Mr. Clift 
has produced, and to which I shall refer later, will confirm my views. 
Possibly Mr. Hooghwinkel does not know that every modern steam 
winding engine is fitted with the whole of the safety appliances used 
on electric winding plants. 

When I referred to the suitability or otherwise of electric winding, 
it must be borne in mind that my remarks only apply to heavy winding, 
such as we are likely to require in new collieries in the future ; and, as 
an example of such work, I would refer to the table given herewith 
which represents three modern winding engines which are at work, or 
being erected, in Yorkshire at the present time; but my remarks would 
also apply to electric winding engines of about the capacities stated in 
my paper, namely from 1,000 tons to 2,000 tons per day of eight hours, 
and I feel confident that for such heavy work, unless the circumstances 
are very exceptional and the cost of coal is considerable, steam 
winding will be found the most economical. These remarks apply to 
collieries so circumstanced that each colliery requires its own winding 
engine with boilers in close proximity. 

The figures which I quote in reply to Mr. Clift's criticism seem 
(even assuming the cost of electric winding plants can be reduced to 
his figures, which I doubt) to point to the fact that, with coal at 
about 1os. per ton, there is every prospect of electric winding being 
economical, but, as I pointed out in my first remarks, there are many 
collieries in which the value of the coal burnt under the boilers is prac- 
tically nil, and where, if they were not able to burn the dust and coal 
themselves, it would have to be carted away or else put on the pit heap 
at considerable expense and with every prospect of spontaneous com- 
bustion. There is no doubt that the Koepe system very much assists 
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the electric winding problem, but it is unfortunately not in favour in 
this country, principally due, I think, to the feeling that if the rope 
broke both cages would fall to the bottom of the shaft, causing con- 
siderable damage. The use of heavy parallel or conical drums in favour 
in this country makes the horse-power required for acceleration very 
great, and, of course, it is upon the use of such drums that my estimates 
are prepared. The further discussion which has taken place, and which 
I fully welcome, has been principally directed to show that my figures 
are wrong, and Messrs. Siemens Bros, are now producing figures which 
they apparently have arranged in comparison with my steam figures, 
in cormection with the estimate for winding 2,000 tons in eight hours 
from a depth of 700 yards. Mr. Clift, I consider, was not justified in 
the remarks which he made with regard to the information which his 
firm were supposed to have given me in connection with their electric 
winding schemes. I have been carefully through my correspondence, 
and the figures which were supplied did not enable me to compare 
the costs with the typical examples which I produced. To compare 
the figures which are being produced before the Institution, it is 
rather interesting to note that Mr. Hooghwinkel estimated the Zollern 
plant as costing £10,000 to wind 1,350 tons from a depth of 330 yards 
at present, to be extended to about 590 yards later on. 

My estimated figure of a plant to wind 1,500 tons 500 yards deep 
was £10,000. 

Mr. Hooghwinkel gave also the figure of £15,000 as representing 
the value of the electrical plant at De Wendel Colliery, which, accord- 
ing to his statement, is supposed to wind 1,400 tons per day from a 
depth of about 700 yards. On reference to my estimate, it will be 
noted that I give the cost of a plant to wind 2,000 tons per day 700 
yards deep at £14,200, and I can only assumethat Mr. Hooghwinkel's 
figures are correct. It is rather interesting with these figures before 
us to note that Mr. Clift has adjusted the figures in order to suit the 
circumstances, and that he now estimates the cost of a winding plant, 
with balancer, to wind 2,000 tons 700 yards deep at £9,000. In order 
to do this he proposed to run his balancer at 50 per cent. higher speed 
than I. do, namely, 465 r.p.m. against 300 r.p.m., and to reduce the 
weight of the flywheel from 67 tons to 28 tons. Another point is the 
question of the steady running horse-power. I have estimated r,ooo, 
whereas Mr. Clift, by adjusting his acceleration, and, I think, cutting 
things far too fine, brings his horse-power to 910 as the steady running 
horse-power of the motor. 

Apparently Mr. Clifts motor is of тоо per cent. efficiency, as he 
gives the kilowatts as 680, whereas, taking the motor at 9o per cent. 
efficiency, the actual kilowatts should be 750, which very nearly 
approaches the figure given in my estimate of 800 k.w. input into the 
motor terminals. 

Mr. Clift has also reduced the number of boilers from four of 
8 ft. 6 in. diameter by 30 ft. long to two of 9 ft. diameter by 30 ft. long, 
but the boilers are very nearly alike, and I do not think that when 
burning the ordinary coal which is available in most collieries one 
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would expect to get from two boilers of this size, with any margin, 
sufficient steam for 800 k.w., which is equivalent to approximately 1,300 
indicated H.P., because it must be remembered that in all large boiler 
plants of this kind it is necessary to provide some sort of a spare, and 
whilst I think that three boilers of this size might safely be installed, I 
think that two would be too few. The price at which these are put in, 
namely, £1,000 per boiler, which has to include all steam and exhaust 
pipes, feed pumps, getting the boilers to site, erection, and the propor- 
tion of the cost of a central condensing’ plant, is, in my opinion, too 
small a sum. The same remarks apply to the amount allowed for the 
generating plant ; about £3 per kilowatt is too low. 

An example which Messrs. Siemens gave me as a typical winding 
gear was the Stinnes plant, which, according to their information, is of 
the following capacity :— 


Depth of shaft at present гы ... 550 yards 
Depth of shaft later on ... ie .. 866 yards 
Capacity per hour T ... 100 tons 
Capacity рег day of eight loups. .. 800 tons 
Winding speed in feet per second ... 46 
Type of winding drum  ... € .. Koepe 
Capacity of converter motor... .. 500 Н.Р. 
Weight of flywheel 54% sie ... 54 tons 
Capacity of converter generator .. 2,000 Н.Р. 
Diameter of Koepe pulley sfs ... 6'5 mètres=21 ft. 
Normal horse-power of the two winding 

gears sss as 554 С” .. 1,220 
Maximum horse-power ... te ... 2,000 
Speed of motors  ... ке» sie ... 42 revs. 


From these figures it will be noted that whilst in Germany it is appa- 
rently necessary to have a maximum of 2,000 H.P. to wind 100 tons per 
hour from a depth of 860 yards, in England it is only necessary to have 
1,700 maximum Н.Р. to wind 250 tons per hour from a depth of 700 
yards, and this although in Germany the Koepe wheel is used, which 
takes very much less power to accelerate than the parallel drums in 
use in England. 

The plant, particulars of which are given above, is only a little more 
than half the capacity of my estimated plant for 1,500 tons 500 yards 
deep, and they estimated the cost of it, in the particulars which they 
gave me on October 27, 1905, at £10,000. 

We will now consider the De Wendel plant on the same basis. The 
capacity of this plant is apparently as under :— 


Tons per hour S cc “ETS 

Tons per day of eight hours .. 1,400 

Depth of shaft 24% € .. 820 yards 
Maximum winding speed  ... .. 29 ft. per sec. 
Type of drum ai m .. Koepe pulley 


Capacity of converter motor .. 950 Н.Р. 


Mr. 
Mountain. 


Mr. 
Mountain. 


576 SPARKS, MOUNTAIN, HOOGHWINKEL: [April 5th, 


Weight of flywheel ... | ... . .... 54 tons 
Capacity of converter generator ... 2,700 H.P. 
Diameter of Koepe pulley ... -6'4 mètres —21 ft. 
Normal horse-power of the two 

winding gears... . . 1,620 . 
Maximum horse-power . of the two 

winding gears... ... 2,700 
Speed in revolutions per dinate ... 54. 


From these figures it will be seen, and I presume that they are 
correct, that in Germany it takes a maximum of 2,700 H.P. to raise 
1,400 tons 820 yards, whereas in England Mr. Clift can apparently wind 
2,000 tons 700 yards deep in eight hours with 1,700 Н.Р. I venture to say 
that, if the information which Mr. Clift has sent me is correct, it proves 
that the whole of the figures which he has supplied to this meeting 
to refute mine are absolutely incorrect, as the German figures entirely 
support my own estimates of horse-power for acceleration and steady 
running, also for. cost. 

After Mr. Clift has so twisted my figures and altered his own that he 
has brought mine down to what he considers will suit his case, and then 
adjusted his own costs of plant, it is extraordinary that he is not able to 
say that with coal at an even price, namely 3s. 6d. per ton, he can do 
any better with his electric winding than can be done with high-class 
steam winding. 

On reference to the table drawn to show the comparison between 
Mr. Clift’s figures and my own, it will be noted that the costs are as 
under, in each case winding 2,000 tons 700 yards deep in eight hours :— 


Mr. Mountain's calculated cost per тоо tons for 1 
electric winding, with coal at 3s. 6d. рег ton... 012 5 
Mr. Clift’s ditto... aie . о 8 ei 
Mr. Mountain’s estimated Bost for. winding with 
steam in seven and a half hours, with coal at 


35. 6d. per ton sss aes e о 7 24 
Taking the full capacity iam БЕНЕН namely 
2,182 tons, with coal 3s. 6d. es aw о 6 93 


Mr. Clift then takes out cost of winding and increases the value of 
the coal to 6s. and 8s. per 100 tons. The correct comparison is then 
as follows :— 


Mr. Clift’s estimated cost per оо tons with coal at g.s. а. 
6s. per ton ... 49 о 9 3 

Mr. Clift's estimated cost per І 100 tons at 8s. per ton о ro оф 

Mr. Mountain's on full capacity of engine, namely 
2,182 tons at 6s. ju “ 

Mr. Mountain’s on full capacity at 8з. 


о 8 5} 

о 9 9 
These figures speak for themselves. 

The estimates which I have made up of the cost of the electric 


winding plants have been carefully calculated, allowing a reasonable 
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and fair margin to insure satisfactory working, and the pricesat which Mr 


the various parts composing the estimate have been put in are, in my 
own opinion, fair market prices, and I do not believe that they can be 
very much reduced, at any rate with the existing state of knowledge on 
the subject, if a satisfactory installation is to be provided. 

I would call your attention to the weights of the flywheels, namely :— 


Zollern  ... an 45 tons, running at 345 r.p.m. 
Stinnes  ... us 54 tons, no speed stated. 
De Wendel 59% 54 tons, по speed stated. 


But I assume that the speeds must be somewhere about the same as 
Zollern, and I ask you to compare what is found necessary in Germany 
with what Mr. Clift proposes in England. 

The Electrical Company gave me some figures of the Esperance 
Mine, and their figures are interesting as confirming my own calcula- 
tions :— 


Final depth of shaft... vus vs 27 ... 875 yards 


Present depth sss m Da ... 404 yards 
Tons per day of eight hours. T P sa 1512 

Tons per hour 45% “ M X e. 64 

Load per journey  ... iss 5% ... 2714 tons 
Maximum speed of winding - gos ... 33 ft. per sec. 


Number of tubs да 52 ы sis "TEE 
Weight of tubs 554 54% ҚАР si .. Iton 
Weight of cage, etc.... iss e" — .. I'8 tons 


Size of Koepe whecl the is is .. IO ft. 
Number of journeys per hour ... ... 30 (estimated) 
Horse-power of motor on motor generator ... 250 

Output of generator... T T кїз .. 650 

Weight of flywheel ... 45% ds "€ .. 40 tons 
Diameter of flywheel — Ve ss ... 13 ft. I} ins. 
Speed .. ses ae sis ... 285 revs. 
Horse- ONE of winding motor normal . ... 320 
Horse-power maximum ... vie vs ... 615 


Speed of winding motor... T sii ... Ó4revs. 


With this deep shaft and slow winding and small output, it shows that 
250 H.P. is required at the motor generator to raise 512 tons in 8 hours 
from a maximum depth of 875 yards, and if these figures are compared 
with my smallest example, namely r,ooo tons боо yards deep, it will be 
seen that the figures practically confirm mine. The Electrical Company 
gave me the cost of this plant as £10,000, #.e., for the mechanical and 
electrical portion of the winder only, and it will therefore be seen that 
my estimate of £8,600 for a plant for 1,000 tons 500 yards deep is again 
well confirmed. As regards Dr. Herzfeldt's remarks in connection 
with the Grand Hornu Mines, I may possibly have misread this figure, 
but if he will refer to the appendix giving the particulars of the Grand 
Hornu Mines, he will find he gave me the following table :— 
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GRAND HORNU MINES. 
Working Costs per Kilowatl-howr at the Power Station. 


Actual energy measured at switchboard per day of twenty-four 
hours : 16,000 k.w.-hours. 


COSTS PER DAY OF TWENTY-FOUR HOURS. 


т. Boiler-house i А 2-2 | 15.25 francs. 
( 2 Fitters 
2. Engine-room 1 Assistant | 18.05 5 
| 2 Electricians 
3. Oil and sundries... iss ss 11.20" 5 
4. Coal, 21 tons at 5.5 fr. (4s. 4d.) iis sis 215502; 
5. Repairs and maintenance ... we 15.20 i 
б. Interest * and amortisation + charges on 
capital (849,786 fr.) 24% 54 ... 171.40 . 
£ s. d 
347.50 = 13 14 6 
Costs per k.w.-hour — 347-59 — 5:15 centimes = #13 145. 6d... 9.2064, 
| 16,000 16,000 


These figures apply to the working of No. ӯ shaft winder only, and the 
daily output of the station will ultimately be raised to 24,000 k.w.-hours, 
when the second ventilator and the winder at shafts Nos. 12 and 9 are 
running normally. Assuming the items 3 and 4 to increase propor- 
tionally with the k.w.-hours generated—i.e., the least favourable con- 
ditions—it is estimated that the costs per k.w.-hour will be as follows :— 


pots Г?І centimes 
£16 45.60. _ o162d. 
24,000 


I should like to point out that on referring to item 6, apparently 
interest and amortisation charges are calculated on a basis of 9 per 
cent. on the capital as given above, and that on this basis the cost per 
day of twenty-four hours, assuming 250 working days per year, should 
be 305 francs, and not 171.4 francs. 

I again say it is possible to have misread the figures, but I cannot 
reconcile the figures with what appears to me to be the actual cost, as 
given in the following table :— 


Tons per day of twenty-four hours ы sts .. 1,560 
Depth of shaft  ... bis ag ie Ves ... 766 yards 
Hours worked per day ... ‘ise эз bs ue. 24 


* 4 per cent. per annum. t In twenty years. 
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Tons of coal per hour ... se Sas 242 ... 65 
Tons of coal per wind . 5% see .. 26 
Consumption of dut ni per hour, yee k.w. at оза. 6s. 4d. 


The cost of winding per 100 tons is therefore 6/ "37100 100 = 9s. gd. 


Oil, grease, and stores ... бө “ae js me: Sd. 
Winders' wages ... ds sis 5% a .. 15. 2d. 
Total TA eee us Ер " o .. 115. 4d. 


The figure of o'3d. per k.w.-hour for the consumption of current 
does not agree with Dr. Herzfeldt’s figure of о'206а., but in arriving at 
his cost he is taking interest and depreciation at only 9 per cent., coal 
consumption per I.H.P.-hour only 1:8 lIbs.— which is far too low a figure 
for ordinary collieries with only a small output during the night-time— 
and the wages of men only about 3s. per day. 

These figures may be correct for a German colliery, but they 
certainly would not be so for an English one, and I have arrived at the 
figure of оза. by taking interest and depreciation at то per cent., coal 
per I.H.P.-hour at 24 lbs.—a much more reasonable figure—and English 
rate of wages for the men. 

The figure of 11s. 4d. which I give above does not include interest 
and depreciation on the winding plant, but only on the generating 
plant, so that, taking the value of the winding plant, exclusive of ropes, 
cages, and headgear, but including labour fixing, at £4,000 (the figure 
given me without fixing was £3,800), we have to add to the above 
interest and depreciation on this sum at 10 per cent. per annum, which, 
working 24 hours per day and 250 days per year, amounts to 3s. Id. per 
тоо tons, bringing the total cost up to 145. 5d., and, of coursc, this cost 
would be very much increased if 16 or 8 hour shifts only were worked. 

I am afraid I cannot quite follow the calculation of only 1°46 k.w. 
being required per effective horse-power. Assuming that the average 
demand on the generating station for this winding is even 350 k.w. (see 
diagram) and as the actual horse-power in the shaft or useful horse- 
power is 166, it would appear that it required 2'1 k.w. per useful horse- 
power, on the assumption that the changing is done in about the same 
time as in England, namely, from fifteen to twenty seconds. 

The Electrical Company and also Messrs. Siemens have given 
figures of the estimated consumption of steam per useful horse-power. 
I have already stated that I do not consider that this method of calcula- 
tion is worth the paper it is written upon, as regards the practical 
result, as it is not so much the value of the coal which affects the 
possibility of commercial winding às the heavy cost of the plant, but it 
is rather interesting to note that my calculated figures, which were 
based on 25 lbs. of steam per k.w., or about 15 lbs. per indicated horse- 
power, worked out as follows :— 


1,000 tons 500 yards deep ... .. 35 lbs. per useful H.P. 
1,500 tons 500 yards deep ... .. 34 lbs. رو‎ » » 
2,000 tons 700 yards deep  ... -. 34 lbs. ,, j » 


Mr. 
Mountain. 


Mr. 
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The actual test at Zollern shows 31:35 lbs. per useful horse-power. 

I do not think in.regular colliery work it will be safe to assume a 
less consumption of steam than this. 

As regards my examples of steam winding, I may say that the whole 
of the consumptions are guaranteed by the makers, who are firms of 
high repute, but taking the figures which I gave, the consumption per 
useful horse-power is as follows :— | 


1,000 tons 500 yards deep ... 2:6 wae ... 44 lbs. 
1,500 tons 500 yards deep ... sae -— ... 39 Ibs. 
2,000 tons 700 yards deep ..: sis ius .. 43 Ibs. 


The figures which Mr. Clift worked out of the steam consumption 
of similar engines, 7.¢., Fraser & Chalmers at Atherton Colliery and 
Sherwood, and which he gives as 45 and 31 lbs. respectively, go to 
prove the correctness of the estimates which have been given by 
Fraser & Chalmers. Mr. Clift appears to have selected the worst 
possible example of steam winding. 

I did what I considered to be the only honest thing in putting down 
every figure which I received, good or bad, and I will let people draw 
their own comparisons ; but if Mr. Clift is not practical enough to recog- 
nise that a pair of engines with cylinders 36 in. diameter by 72 in. 
stroke with 80 165. of steam and wasting eighty-four seconds per wind 
for banking and waiting is not put forward as a typical example of 
economical winding, it is no fault of mine. To wade through a lot of 
figures like these is wearisome, but I do not think that any of the 
speakers have really put forward any claims which will justify the 
heavy expenditure for electrical plant for really heavy winding. I 
admit, as I have done in the whole of my remarks, not only in this 
meeting but elsewhere, that there is a considerable field for electric 
winding in small collieries and for small outputs, but I do not think 
that when coal is cheap, and where the steam has to be generated at the 
colliery and the winding is heavy, electricity can compete. 

The general conclusions I draw as regards electric winding are as 
follows :— 

I. For small collieries there is a future for electric winding if the 
coal used under the boilers is of any considerable value. 

2. In large collicries there is a future for electric winding if the fuel 
or coal used under the boilers exceed 8s. to 10s. per ton. 

3. Electric winding cannot be economically applied in collieries 
for very large outputs where the horse-power required for winding is 
greatly in excess of the horse-power required for driving the other 
machinery, both on the surface and underground. 

4. In collieries generally, particularly those in which electric 
winding is adopted, colliery-owners will be well advised to take 
their current from the supply companies, assuming that they can 
purchase it at a reasonable price, even if this price is slightly 
in excess of what they can make the current themselves. The amount 
of capital required for the generating plant being so heavy, it could 
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usually be applied to much greater advantage in increasing the electric 
plant or improving other machinery about the collieries. 

Mr. С. HOOGHWINKEL (іп reply) : Mr. Mountain’s complaint that I 
had not reproduced his figures correctly is partly in order, as I took 
his figures from an abstract in the technical press, the original paper 
not being to hand. This small difference, however, viz., 3 tons of 
coal per wind, instead of 3:6 tons, is very unimportant, and does not 
affect the results at all. But it also changes the number of winds 
per hour, and the time per wind in proportion. 

The figure of 3 tons for the cage was given, because Мг. 
Mountain gave this in his example for steam winding under the same 
conditions, and I thought that 5:5 tons, which is much too heavy, was a 
slip of the pen. There is, of course, no earthly reason why the cages 
should be heavier for electric winding than for steam—rather the 
contrary. 

As these small differences do not affect the results, I gladly accept 
Mr. Mountain's corrected table, after correcting another of Mr. 
Mountain's slide-rule slips, viz., the last item in the first column, 
which should be gs. 944. instead of ros. 9id. 

This shows that the actual costs of electric winding at the Zollern 
Colliery, which is built for twice the present output, were nearly half 
the amount estimated by Mr. Mountain. 

The capacity of the Zollern plant is 2,000 tons (not 1,350 tons) in 
eight hours from a depth of 550 yards. At present the winder is doing 
only 1,350 tons from 330 yards, winding at half speed. This explains, 
of course, the long time of banking in comparison with the actual 
winding time. The average speed is 20 ft. per second, which 
corresponds very well to the measured maximum speed of 35 ft. per 
second. In Mr. Mountain's example, however, the mean speed is 
about 30 ft., in which case the maximum speed will be nearer 45 ft. 
than 36 ft. per second. 

Referring to the De Wendel Colliery, this plant is built for an 
average output of 1,500 to 2,000 tons from nearly 1,000 yards, although 
it is winding at present from only 770 yards. The cost of 6s. is the 
price charged by the power station (360 units at o'2d.) and includes 
interest and depreciation for the power plant. 

As to Mr. Mountain's list of steam-winding collieries, the results of 
which I have taken to be correct to compare them with the De Wendel 
and the Zollern Collieries per twenty-four hours' day, I have since 
ascertained from some of them (as I suspected these figures) that 
they are only during an actual winding shift, neglecting therefore 
the enormous standing charges of steam, etc., during the greater part 
of the night. They have little value, therefore, for comparison, and 
may be twice as much, or more, if taken per day of twenty-four 
hours. This is also in answer to Mr. Whitmore. 

It is, of course, just there that the enormous savings are effected by 
the introduction of electricity. 

Messrs. Fraser and Chalmers' guarantee, given by Mr. Mountain as 
40 lbs. of steam during one wind of бо seconds, may be quite correct, 


Mr. 
Mountain. 
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but spread over a whole day this may be from со to 100 Ibs. "These 
test figures, supplied by the makers, and on which Mr. Mountain bases 
his estimates, are therefore wholly deceptive. The steam consumption 
must be taken over twenty-four hours, or, better still, over a year. 

It is well known that a steam winding engine can accelerate the 
load in no time, yet this is done at enormous losses, which is exactly 
the point where the electric winder scores, performing this duty 
smoothly and economically. 

The overwinding and safety appliances which make use of 
electricity as the governing agent are far simpler and easier to 
adapt than the mechanical appliances on steam winders. The 
question of safety and simplicity of all electrical appliances, not 
only winding, has been discussed since over twenty years, and the 
very existence of power supply stations, electric railways and tram- 
ways ought to be a sufficient answer. 

One point also in connection with the safety ought to be put 
forward, however : the ammeter or wattmeter enables the mine-owner 
to know exactly what he is doing, and where or by whom his money is 
wasted, the state of haulage roads and of the shaft, girders, etc. This 
knowledge, unobtainable in steam practice, makes both for economy 
and safety. А 

My position has been from the beginning not to question the 
correctness of Mr. Mountain’s and Mr. Whitmore’s figures, as far as 
they were actual figures; others have done so with remarkable results, 
especially as regards the only actual figures of electric winding given, 
namely, at the Grand Hornu Colliery. I am, however, not in agree- 
ment with the makers as regards the economy of this winding engine, 
even in this case, where two or three engines are running from the 
same power station. It may, or it may not, be possible to compensate 
for the enormous starting losses and resulting unequal load on the 
generating station to a certain extent by the judicious running of the 
three winders. The figure of 1:46 units (varying between 1778 and 1°40 
units) per H.P.-hour as given by the makers, seems to mc too favourable 
in comparison with the figure of 1'44 and 1°50 obtained with balanced 
winders. This is certainly the case when only one winder is considered, 
and at the present discussion this was the case. 

Leaving alone for the present the question of capital expenditure, a 
balanced system has in all cases been proved to be far more economical 
than a simple 3-phase winder, or, to make the comparison more 
general, for all such intermittent work as rolling mills, winding and 
traction. 

Every one who has followed the current and voltage variations at 
the Preussen winding engine will readily agree. 

Besides, the batteries in traction stations and the balancers and fly- 
wheels (fixed on the mill shafts) in the first rolling mill installations all 
point in this direction. Moreover the makers of the Grand Hornu and 
Preussen winding engines are now almost entirely making the Ilgner 
balancing system, as may be seen from their latest printed matter. 
Although I do not consider the Ilgner system as finality in winding, 
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it is at present, if intelligently adapted to each individual plant and 
local requirements, the only economical system of electric winding. 
There are, however, many variations and simplifications, which will 
reduce the first costs considerably. I am looking forward, however, 
in not too long a time, to a simple and purely 3-phase system of balancing. 

The actual figures obtained at the Zollern Colliery are at present the 
only reliable source of information, and I am therefore quite willing to 
accept Mr. Mountain's revised figures given in Table VI., remarking: 
however— 


(1) That the wages are British wages taken from Mr. Mountain's 
Table ПІ., for an identical case with steam, while main- 
taining at the same time that these wages can be reduced by 
having stokers, ashmen, etc., combined in one power station. 

(2) That the depreciation and interest throughout my paper are 
calculated as in his own, on a basis of то per cent. over 
250 days. 


This table should then read as follows, after substituting the 
figures for steam consumption during actual winding. 


Coal Do. with 
Wound | Depth in Hours |Cost per гаси Value ic 
per Yards. | Winding. поо Tons.| г, eprecia- Coal. | H p.hr. 


Day: tion. 

UN s. d s. d. s.d 
Mr. Mountain's csti- , 
mate, Elect. А I, 500 500 | $) 2 7 { 14) 3 6 37% 
Average for 12 steam 
Colls. as given by 
Mr. Mountain .. | 1.700 430 11 5 10 9 8 | 4 3 90 
Mr. Hooghwinkel's | 
actual costs at | 

330 16) 6 19) 
Zollern  ... 245 1,350 ee 8í 1 53 | 9 j| 3 4 26 о! 


This table, giving Mr. Mountain's own figures and mine as corrected 
by him, shows the remarkable saving in costs of winding only, mainly 
due to the last column, while the resulting saving when taking capital 
cost into account largely depends on the hours of winding. 

The actual figures obtained at Zollern without interest and 
depreciation are nearly half those estimated by Mr. Mountain, and 
very much less than with steam. The average figure obtained with 
steam winding from Mr. Mountain's list is merely shown up as an 
illustration of what is done at present with steam, and showing what 
can be done by electricity, but it is clear that every case has to be 
considered on its own merits. 

The principal points at issue between Mr. Mountain and myself 
аге :— 


(1) That I maintain that the only safe basis of comparison is the 
| amount of steam or coal consumed per useful H.P.-hour. 


Mr. Hoogh- 
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Mr. Hoogh- 7 (2) That the cost of electric winding should bé calculated from 
| the cost per unit in the common generating station, and no 
allowance made for special separate generating plant or part 

of it for winding purposes. | 

(3) The same as far às interest and depreciation of plant is 
concerned. 

(4) The steam consumptions obtained with electric winding are far 
below those estimated by Mr. Mountain, and the savings 
therefore greater. The maximum speed with electricity may 
be much less than at present usual with steam winding, 
while at the same time the average speed of getting out 
the coal remains the same, and I do not think that Mr. 
Mountain has succeeded in proving these points to be in. 
correct. 
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Proceedings of the Four Hundred and Thirty-ninth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 29, 1906—Mr. Joun Gavey, C.B., 
President, in the chair. 


The minutes of the Ordinary General Mceting held on March 22, 
1906, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associates to that of Associate Members— 
John Walker Fyfe. 


From the class of Students to that of Associate Members— 
Hugh William Geare. 


Messrs. D. Н. Kennedy and Н. С. Solomon were appointed scrutineers 
of the ballot for thc election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Associate Members. 


Walter Day Conning. William Alexander Jackson. 
George Cox. Horace John Jones. 
William Tuxford Evans. Frank Westlake Parkinson. 
William Graham Griffith. Wilfrid Skaife. 

Harry Webber. 

As Students. 

Ernest Adams. Edward Mitchell Elborne. 
Robert Allen. Harold Lester Robert Groom. 
William Thomson Bottomley. Harold McCullough. 
John Stanley Brooker. John Mactaggart. 


John Darke. Walter Freemantle Scott. 


586 DONATIONS TO LIBRARY, ETC. [March 29th, 


Donations to the Library were announced as having been received 
since the last meeting from The Board of Education, Messrs. A. Con- 
stable & Co., The Engineering Standards’ Committee, H. R. Kempe, 
T. C. Martin, R. H. Smith, H. G. Solomon, The Victorian Institute of 
Surveyors, Whittaker & Co. ; to the Building Fund from Mr. J. Gavey, 
C.B., and to the Benevolent Fund from The Executive Committee of the 
` Electrical Exhibition, 1905, Messrs. J. Gavey, C.B., S. б. C. Russell, and 
К. J. Wallis-Jones. 


The PRESIDENT: You will have noticed that, among the contribu- 
tions to the Benevolent Fund, a donation has been received from the 
Executive Committee of the Electrical Exhibition. As most of the 
members know, the Exhibition was a great success financially, and the 
Executive Committee, having realised a surplus, devoted considerable 
sums to very useful purposes, and amongst others they have given 
£350 to the Benevolent Fund of the Institution. 


The thanks of the meeting were then accorded to the various 
donors. 


The PRESIDENT : Before we proceed to the formal business of the 
meeting, I have to make a brief announcement. It will be a very long 
time before the members of this Institution forget the Presidency of 
Mr. R. K. Gray. The almost regal manner in which he entertained the 
members of the International Congress, and the members of this 
Institution in the name of the Institution itself, but at his own cost ; 
the manner in which he carried out the work of Secretary as well as 
President in the interregnum between the death of the previous Secre- 
tary and the appointment of the new one, and the manner in which he 
represented this Institution at St. Louis, are all engraved on our 
memories. As the members are aware, it was determined by the 
Institution to recognise his services in some small degree by presenting 
him with his portrait in oils, and it is proposed to make that presenta- 
tion at the next meeting. It is to be hoped that the Institution will be 
very largely represented when that presentation takes place. 


The discussion on Mr. Sparks's, Mr. Mountain's, and Mr. Hoogh- 
winkel's papers was continued (see page 522). 
The meeting adjourned at 9.30 p.m. 
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Proceedings of the Four Hundred апа Fortieth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, April 
5, 1906— Мг. Joun Gavey, C.B., President, in 
the chair. 


The minutes of the Ordinary General Mecting held on March 
29, 1906, were taken as read, and contirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. . 


From the class of Associate Members to that of Members— 
John W. Black. | James Herbert Garratt. 


From the class of Associates to that of Associate Members— 


Edwin Henry Dixon. Charles A. Pulsford. 
George Hardwick Hardwick. John W. Record. 


Messrs. L. Gaster and S. A. Simon were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Associate Members. 


Thomas Baxendale. George Duthie Leys. 

Samuel Fildes. William Henry Upton Marshall. 
Charles Follenfant. Frank Howard Michell. 

Percy Brailsford Lawson. . Eustace Ridley. 


George Young. 


As Associale. 


Charles Anthony. 
VoL. 86. 89 
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Donations to the Library were announced as having been received 
since the last meeting from Messrs. H. M. Hobart, H. F. Parshall ; 
to the Building Fund from Messrs. S. Paterson, J. Shaw; and to the 
Benevolent Fund from Messrs. A. H. Bate, S. Paterson, to whom 
the thanks of the meeting were duly accorded. 


PRESENTATION TO MR. R. KAYE GRAY. 


The PRESIDENT: Gentlemen, we now approach one of the 
interesting events of the evening to which I referred at the close of 
our last meeting. As then announced, it is proposed to make the 
formal presentation of one of the two portraits you see hanging on the 
wall to our Past President, Mr. Gray. Sir Joseph Swan, the Chairman 
of the Committee which organised the presentation, has been kind 
enough to undertake to propose the resolution. 

Sir JOSEPH SWAN : Mr. President, I shall have to ask your per- 
mission to say a few introductory words before I come to the cere- 
monial part of the proceedings. It will be in the recollection of all the 
members, except those very recently elected, that Mr. Gray's tenure of 
the Presidency was marked by several exceptional features. His term 
of office was exceptionally long, and necessitated an unusual amount of 
labour, and that was very much added to by the lamented death of the 
Secretary, Mr. McMillan, which threw upon the shoulders of the 
President at that time a large amount of extra work. But I think we 
will all agree that the circumstance which especially marked Mr. Gray's 
Presidency was the meeting in London of the International Congress 
of Telegraph Engineers. That meeting brought to London a large 
number of our continental confréres, and the onus of their entertain- 
ment and of the ladies who accompanied them fell on Institutions like 
our own, and on a few of the principal firms and persons connected 
with the telegraph industry. The larger share of the duty of hospitality 
and entertainment fell to the lot of Mr. Gray, and you will agree with 
me that the manner in which he discharged the exacting duty which 
was laid upon him was in every way admirable. Everything that could 
be done to contribute to the pleasure of the visitors was done 
munificently. The entertainments were of a princely character ; the 
members of the Institution largely participated in them, and their 
splendour was reflected upon the Institution itself. Thence arose a 
general desire among the members to commemorate that event, and to 
express in some durable form appreciation of the exceptional service 
of the President. With that object, a Committee of the members of 
the Institution was formed, Mr. Patchell being chosen Secretary. The 
outcome of their deliberations was an urgent request to Mr. Gray to 
allow a memorial portrait of himself to be painted—a not particularly 
modest request, perhaps, on the part of those who were already so 
deeply in his debt. However, they counted rightly on Mr. Gray's 
unfailing kindness, and induced him to give the necessary time to carry 
out the idea. Then the happy thought occurred to the Committee of 
connecting the artistic execution of the work with a name held in high 
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honour among telegraph engineers—the name, I mean, of Sir Charles 
Bright, through his daughter, Miss Beatrice Bright, whose excellent 
portrait of Sir William Preece most of us are familiar with, and which 
was a sufficient guarantee of her skill as an artist. With these few 
words of prelude, it now only remains for me, speaking on behalf of 
the subscribers and of the Institution generally, to ask you, Mr. Gray, 
to be good enough to accept one of these portraits, and our best thanks 
for enabling us, by additional sittings, to obtain an excellent replica for 
the Institution. Looking back once more to the time of the Congress, 
I am reminded of the gracious support given you by Miss Gray, on 
several occasions when the assistance of a lady was almost indis- 
pensable. If I may without too great incongruity do so, I would ask 
you, in connection with the reception of this memorial of a historic 
event, with some of the incidents of which Miss Gray was associated, 
to convey to her our too tardy but very heartfelt thanks. 

Mr. R. K. Gray: Mr. President, Sir Joseph Swan, ladies and 
gentlemen, I hardly know what to say in return for your great 
kindness. It is a very proud moment in my life to know that those 
among whom I have worked for some time should wish my portrait to 
hang on the walls of the Institution. Sir Joseph Swan has been 
exceedingly kind in what he has said, and I wish to thank him for 
coming here to-night to make the presentation. I have no words at 
command which will adequately express my feelings, but I would like 
to say that it gave me very great satisfaction to know that the work of 
painting the portrait had been entrusted to Miss Beatrice Bright, the 
daughter of my old friend, the late Sir Charles Bright. I had the 
pleasure of serving under Miss Bright’s father for a considerable time 
at the beginning of my career, and there was no kinder man than һе. I 
do not desire to encroach further upon your time, because to-night 1s, 
after all, a business meeting ; I can only once more say that I am 
greatly indebted to your Committee and to you all for your extreme 
kindness to me, and greatly appreciate it. 

The PRESIDENT: Before we proceed with the business of the 
meeting, I think the members present would like to express their 
thanks to the Committee who have carried out the work of organisation 
in connection with this presentation. When the formal event takes 
place, one is sometimes a little apt to forget the amount of work 
involved in the preliminary arrangements. This Committee has worked 
most diligently for us, and I am sure you will say with most satisfactory 
results. I should therefore like to suggest that we pass a vote of 
thanks to the Chairman, Sir Joseph Swan, to the members of the 
Committee, and last, but not least, to the energetic Honorary Secretary, 
Mr. Patchell, who has borne the heat and burden of the day. 

The resolution was put and carried with acclamation. 

Sir JOSEPH SWAN : I cannot let the vote of thanks pass without an 
acknowledgment, but I must transfer by far the larger share of it to 
Mr. Patchell, for he has done by far the largest part of the work. It is 
to him that we are chiefly indebted for its successful termination. I 
therefore accept the vote of thanks on behalf of the Committee, and 
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thank you very much, but I again say that the vote of thanks is chiefly 
due to Mr. Patchell. 

Mr. PATCHELL: Mr. President and gentlemen, Sir Joseph’s thanks 
alone are an honour. But I cannot let this incident pass without 
thanking you very heartily for the way you have appreciated my efforts 
in this matter. It has truly been a labour of love; if we had more 
such labours of love, life would be sweeter. Working for a man like 
our former President is always the greatest pleasure. When I found 
to-night that I had collected Sir Joseph, Mr. Gray, and the artist in the 
room, I thought I had earned my Easter holiday. There is only one 
person I have really envied in this matter, and that has been the artist, 
who has been thrown more into Mr. Gray’s company, through the 
painting of the portrait, than any of из. 


The discussion on Mr. Sparks's, Mr. Mountain's and Mr. Hoogh- 
winkel's papers was concluded (see page 538). 
The meeting adjourned at 9.30 p.m. 
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A REVERSIBLE BOOSTER AND ITS RUNNING. 


By C. TURNBULL, Associate Member. 
(Abstract of Paper read Fanuary 15, 1906.) 


The following paper refers chiefly to the Lancashire Reversible 
Booster, but it is the hope of the author that some of the remarks may 
be generally useful. The paper is divided into sections, which deal 
with (1) The Use of Batteries with Boosters; (2) The Duties of 
Boosters, and Methods of Meeting Them; (3) Description of the 
Lancashire Booster; (4) The Constant Load Problem; (5) The 
Working of the Booster. 

I. THE USE OF BATTERIES WITH  BoosTERs.—Load factor is 
always poor on a traction system with few cars, especially if the 
district is hilly. It is true that our journals occasionally show load 
factors of 30 per cent.and even 4o per cent. for stations of this kind, but 
this is due to their method of calculating the load factor by taking the 
maximum load on the traction system at the time when the highest 
combined load is on the station. The highest combined load may 
occur at a time when the traction load is below normal, and load factors 
calculated on this basis are misleading. Furthermore, high loads may 
occur on traction at any time, and it is necessary to keep plant always 
running to deal with them, whereas with lighting the loads can be 
reckoned on and the plant run at an economical load. Hence it comes 
about that while the traction load factor is better on paper, it gives a 
much worse running-plant-load-factor than lighting. Electric railways 
have this difficulty in an aggravated degree. "There are but few trains 
in use, and the starting currents are immense and liable to overlap. 
This entails a large excess of plant both in generating and sub-stations, 
and mains have to be excessive in size. It is likely that batteries will 
prove a most important factor in future railway werk. This will be the 
more recognised should it be found possible to improve batteries so 
that their one-minute rate can be made immensely more than their one- 
hour rate. Certain factories which have excessive loads for a short 
time, such as for cranes, dock pumping, and the like, also find batteries 
with boosters of thc utmost service. Batteries can only be used under 
such circumstances with boosters, automatic or otherwise. Regulating 
cells аге out af the question for sudden demands, and in any case 


592 TURNBULL: A REVERSIBLE BOOSTER  [Newcastle, 


boosters must always be used for charging batteries, so that they might 
as well be used for discharging them also. 

2. THE DUTIES OF A BoosTER.—For a traction load at 550 volts, 
260 cells will be found a convenient number. The cells will vary from 
I'8 to 2°5 volts per cell in ordinary working, giving 468 to 650 volts 
across the ends of the battery. This is a fall of 82 and a rise of 
100 volts from the bus-bar pressure, and the first function of the 
booster is to compensate for the rise and fall. The second function of 
the booster is to cause the battery to discharge when the load increases 
beyond the capacity of the generator, and to charge up the battery 
again with the surplus, as soon as the outside load falls below the 
capacity of the generator. 

The first and obvious method of doing this was to use automatic 
rheostats to control the booster fields. These rheostats were actuated 
by the varying volts on the generator, which had to be shunt wound so 
as to vary its volts with the load. Generally speaking, such gear was 
not well suited to the sudden changes of traction work. There was 
too much lag in the chain of apparatus, and it has not come into 
general use. 

Feeder-current boosters have been used to some extent. With 
these the feeder current flows through a coil on the booster magnets, 
working in opposition to a shunt сой. When the feeder current 
exceeds a certain amount it overpowers the shunt coil and causes the 
booster to discharge the battery, and vice versa. The defect of this 
system is that it does not compensate for the state of the battery. 
When the battery is fresh it is apt to take the load off the generator, 
while a run-down battery responds but sluggishly. 

Compensating boosters have been developed. The booster in this 
case is arranged to compensate for the variation of the battery volts so 
as to fulfil the equation— 


(Battery + Booster) Volts == Constant. 


It was hoped that such a combination would work in parallel with a 
shunt-wound generator in somewhat the same manner that a compound 
generator would work in parallel with a shunt generator. The 
(battery + booster) was to take up all the variations, giving a steady 
load to the shunt generator. When an increased load came on the 
line there would be a slight increase of load on the generator, which 
would drop its volts a little. This would cause the (battery + booster) 
to discharge. When the load went off the line, the shunt generator 
load would lose some load, and its volts would rise slightly, so causing 
the (battery 4- booster) to charge to such an extent as to keep the load 
steady on the generator. The idea seemed good, but in this case the 
(battery + booster) volts did not keep quite steady, and the com- 
bination lacked stability. There was too much for the booster to do. 
It had to compensate for some 200 volts variation on the battery side 
and to respond to some 5 volts change on the generator side. Its 
working was obviously affected by the state of the engine governor, by 
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the dynamo characteristic, and by a host of other things. Also any 
alteration of the bus-bar volts threw the whole thing out of gear. 

3. THE LANCASHIRE BoosTER.—This was developed to meet the 
conditions of actual working. It consists of a booster driven by a 
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motor, and its windings аге as shown by Fig. 1. There are four coils 
on its magnets, A, B, C, and D. The first coil, A, is connected right 
across the booster brushes. It is therefore energised by the difference 
of potential between the battery and bus-bars. Should the battery give 
500 volts and the bus-bars 550 volts, then there will be 50 volts on the 
terminals of the А coil. The booster is so designed that this will 
cause the booster to give just 50 volts in favour of the battery. If the 
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battery be at 600 volts and the bus-bars at 550 volts, then the booster 
will give 50 volts against the battery. Hence in every casc the 
combination fulfils the equation— 


(Battery + Booster) Volts == Bus-bar Volts. 


Under this system only, the combination is unstable. The battery 
might either charge or discharge according to chance. A small 
governing force, however, will control it perfectly. 

The governing force is given by the operation of Coils B and C. 
Coil B is a shunt across the bus-bars and takes the 550 volts. Coil C 
carries the main generator current and acts in opposition to В. The 
action is as follows :— 

When the line load increases, there is first of all a slight increase in 
the generator current. This strengthens up the action of Coil C, so 
causing the booster to discharge the battery. ‘The battery thereupon 
begins to drop its volts, but this has no effect, as the alteration of 
battery volts is compensated for by the A coil. So long, then, as the 
line demand is more than the amount of output that the generator has 
been set for, the battery will continue to discharge to the extent 
required. When the line load decreases, there will be first of all a 
slight decrease of load on the generator, which will cause the C coil to 
weaken. When the C coil falls in strength below the B coil, the effect 
will be to cause the booster to charge the battery. The battery will, 
however, only be charged to such an extent as to keep the normal load 
on the generator. Any tendency to an excessive battery charge would 
strengthen up the action of the C coil, and this would check such 
overcharging effectually. The action of the booster, therefore, is to 
keep the load steady on the machine within narrow limits, as is well 
shown in Fig. 5, between the hours of one o'clock and midnight. The 
state of the battery has no effect on the working, which is just as good 
whether the battery be charged right up or partially run down. D 
is a series coil to compensate for booster armature reaction and drop, 
and it assists the sensitiveness of the booster's working. The booster 
magnets are laminated, which enables it to respond promptly to rushes 
of current. | 

Regulating resistances, as will be seen from the figure, are fitted 
which enable the action of the booster to be controlled to suit the 
particular loads which may happen to come on at any time. 

Combinations of Booster and Battery.—The booster and battery may 
be worked in the following ways :—(1) Booster and battery on bus-bars 
with generator, keeping the generator load stead within narrow limits. 
This is the normal method. (2) Booster and battery on bus-bars with 
gencrator, but with coils regulated to make its action comparatively 
weak. This method is useful when the load on the line is small, with 
occasional jumps. Under these conditions the (battery + booster) 
meets all the peaks, but maintains a benevolent neutrality during the 
times when the load is small, when it is not desirable for the battery to 
charge because it is already full. (3) The battery may be floated on 
the line without the booster. This method is occasionally suitable 
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when the line load is slack. (4) The booster may be set to mainly 
charge or mainly discharge the battery, as may be desired ; this by 
regulating Coils B and C. Under this state of matters it will still 
respond properly to any excessive outside load. (5) The battery and 
booster can be put on the bars alone without a generator. The bus-bar 
volts can then be regulated by adjusting the strength of Coil B by hand. 
(6) The battery and booster can be put on the bus-bars with the 
booster arranged to compound up when the load comes on. (7) The 
battery can be put on the bus-bars without the booster. All the above 
combinations are needed to enable the utmost to be obtained in actual 
working, and the arrangement of switches on the board permis of the 
easiest possible working. 

4. THE CONSTANT LOAD PROBLEM.—As will be noted, the booster 
gives a load on the generator steady within certain limits. These 
limits may be made narrow by strengthening the coils. Actually, 
absolutely constant load is like an absolutely level railway—it costs 
more to obtain than it is worth. A railway engineer would never 
propose to make a perfectly level line through a hilly country, and an 
electrical engineer will not find it pay him to endeavour to get the 
booster to make an absolutely straight line across his peaky traction 
load curve. In both cases it pays to follow the peaks and valleys by 
more or less gentle undulations. This point is so often overlooked that 
you may pardon me for labouring it. If the maximum load were 
twice the average load, and if the load were fairly even all the day 
long, then we would be able to deal with the conditions by having the 
generator equal to the battery and the combination equal to the 
maximum load. Unfortunately, things are not this way in practice. 
Traction load has its peaks and valleys as surely as lighting load. 
Fig. 2 shows a particular case. (To construct it, the wattmeter was 
read every half-hour, and the average load deduced from the readings. 
Thus 50 units in half an hour gives an average load of тоо k.w.) The 
average load is only from a third to a quarter of the maximum, while 
the output per hour varies greatly during the day ; also another day 
would give quite a different curve. With constant load, and a battery 
equal to the generator in output, we must either fail to meet the peaks, 
or else we must seriously overcharge the battery by running the 
generator at a sufficient load to enable it to meet the peaks, so putting 
out more current in an hour than the line takes. Constant load on the 
generator can be met by having a battery very much larger than the 
generator. Thusa 33 per cent. load factor with constant load requires 
a battery twice as big’as the generator. This would be a good solution 
if the load were known and steady from day to day. Actually the load 
varies from day to day and from season to season. Besides, the battery 
is seldom large enough. | 

In short, a careful examination of the problem will show that for 
practical working absolutely constant load on the generator is not 
suitable. The best result from the generator and battery is obtained 
by arranging for a small rise of load on the generator when the line 
load rises, and for a small drop of load on the generator when the line 
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load goes down. This enables the battery to be charged at a lower rate 
than the discharge rate, as is necessary for good working. The addition 
of means whereby the battery can be set to respond to heavy overloads 
only during a slack time is vitally necessary to the good working of the 
battery, for any attempt to obtain constant load during a quiet period 
will inevitably result in serious overcharging of the battery. During 
such slack periods the average demand on the line is less than the 
average output on the machine, and with constant load the difference 
will overcharge the battery. This can best be got over by arranging 
the booster coils so that their action can be weakened by resistances 
and shunts during such light-load periods, so that the booster does not 
give enough volts to overcharge the battery. Seeing that the load is 
not heavy, the battery will not run down much, and hence the 
weakened power of the booster will enable it to discharge the battery 
quite well to meet any momentary heavy demands. During such 
working the main generator load will rise and fall to meet the outside 
load. Any heavy rush of current on the line will cause the booster to 
discharge the battery enough to meet the demand. 

As will be seen from Fig. 1, the Lancashire booster is arranged on 
those lines. The shunt coils have resistances in series with them, 
and the main current carrying Coil C has an adjustable diverter, E, in 
parallel with it. By this means the booster can be adjusted to meetthe 
requirements of the moment. Fig. 3 shows the actual working. From 
5 to 7 in the morning the battery and booster alone took the load. 
From 7 tog the generator was running and chiefly charging the battery, 
this being a slack time. Until 12.30 the generator took the load by 
itself. After 12.30 to midnight the generator was assisted by the battery 
and booster. As will be seen, from 12.30 to 4 the load on the generator 
was only about 200 amperes, and the battery took the rest. After 
4 o'clock the generator load was increased to between 250 and 300 
amperes, while the battery rushes went to over 400 amperes. 

5. THE WORKING OF THE BoosTER.—The actual voltage on the bus- 
bars has no effect, and the bus-bar volts can be adjusted at will. The 
generators can be compound or shunt wound as desired. Reverse- 
current breakers are not needed even with compound-wound generators, 
because the current cannot come back on the generators. As will be 
seen, the C coil would lose all of its power when the generator load fell 
to nothing, and this would cause the booster to boost roo or more 
volts against the battery. This effectually prevents current from coming 
back on to the generators. [Should any current come back it would 
cause the booster to boost still more vigorously against it.] Similarly, 
the action of the coils prevents the generator from taking load off the 
battery. There is no tendency for the battery to shirk its work, as the 
operating forces are strong enough to make the battery do its duty as 
long as its volts are within working limits. The booster is extraordi- 
narily stable in its action, and has no tendency to hunt. Indeed, it is 
more simple to run a battery and booster in parallel than to run two 
generators. The steadiness of the load on the main generator makes 
it run well and without sparking, while the volts across the booster 
brushes are low enough to prevent any difficulty there. 
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Paralleling.—Should the battery breaker come out, the paralleling is 
as follows:—(1) Cut out A coil; (2) adjust B coil regulator until parallel- 
ing voltmeter is somewhere near to zero ; (3) slam ‘in breaker ; (4) run 
back regulators to position—time, about four seconds. The voltmeter 
switch may be left permanently on the paralleling stop. The usual 
regulator wheels on the switchboard may be replaced by straight 
handles with great advantage, as these can be operated more rapidly. 

Circuit Breakers.—There has been a difficulty with booster breakers, 
because the booster may run to destruction if the motor breaker comes 
out and leaves the booster breaker in. Breakers have, therefore, 
generally been interlocked, so that the booster breaker is thrown out 
by a relay if the motor breaker happens to come out. The arrangement 
shown in Fig. 4 used with the Lancashire booster overcomes the 
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difficulty. The battery current, as will be seen, goes through the con- 
tacts of the two breakers in series, but it only goes through the solenoid 
of the battery breaker. An excess current on the battery, which is the 
usual thing, blows the battery breaker, but leaves the motor running on 
the battery. An excess current on the motor, which is quite a rare 
thing, also cuts off the battery, but leaves the motor running on the 
bus-bars. Thus paralleling is quite easy after a breaker comes out, 
seeing that it is not necessary to restart the motor. Whichever breaker 
comes out, the motor is still left with a breaker to protect it, so that it 
would be cut out in the event of a short occurring in the motor itself. 
Breakers should be of the loose-handle type. A good time limit on the 
breakers would also be an improvement, allowing the feeder breakers to 
come out rather than the generator breakers. When the motor is run 
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on the battery without a generator to take small loads, this arrangement 
of breakers is convenient, as it is only necessary to put the breaker in 
when it comes out, seeing that the motor remains running on the 
battery when the breaker opens. 

Three-Wire Booster.—The Lancashire booster can be made to work 
on the three wires, but there is the objection that it sometimes happens 
that one side is permanently out of balance, and hence one side may 
become overdischarged or overcharged if cate be not taken. In 
certain cases I think it better to put the battery on the outers only, 
and to use a balancer. 

Size of Generators.—lIt is still the almost universal custom to put in 
three generators of equal size when a station starts. This a relic of the 
days when armatures usually ran about red-hot at full load, and when 
it was the custom for every dynamo to have its spare armature to 
deal with bursts, which occurred as regularly as the changing seasons. 
That day has gone, and the practice might well go with it. The first 
three generators of a station should be properly graded in size. The 
small loads could then be dealt with by the baby set, and as the loads 
increased there would always be a set ready to run them economically. 
At the present time a large number of stations are running two equal- 
sized sets for a load which is just too big for one set, with disastrous 
results to the cost-sheet. With graded sets, when the station grows up, 
the generators work in for years to come, for almost all stations can 
do with one small set of, say, 100 k.w. to run on one or two lighting 
feeders which need a special pressure, and the sets above this in size 
would also come in. The engineer whose sets are properly graded is in 
a happy position, for he can always pick out a generator which will just 
suit his conditions. 

Non-Condensing Generators.—While суету one recognises that con- 
densing stations are better for economy than non-condensing, it has not 
yet been fully explained why many of our non-condensing stations get 
better coal-consumption than condensing. Take, for instance— 


Coal. Works. Total. 
Govan si .. О°21д. € o'71d. sie г:о8а. 
Edinburgh ... .. O'28d. ids o' 58d. re o'gad. 


Darlington ... ... 034d. T o'71d. T. o'98d. 


My impression is that non-condensing engines do well where it is 
possible to arrange them to run at about full load, and probably this 
would be found to be the case іп the above stations. Ін many cases it 
may pay to put a battery and reversible booster into non-condensing 
stations where circumstances do not allow of condensing arrange- 
ments being added conveniently. The experiment of graded plant run 
non-condensing with battery and booster may well be tried with small 
new traction stations, as it would save the capital cost of the con- 
densing arrangements, while the condensers could be added afterwards 
if desired. 

А motor generator may be used conveniently as a link between the 
traction and lighting boards. This will enable a small load on the 
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lighting board to be taken from the traction board, so saving the run- 
ning of a special sct. For night load the traction battery may be put 
right on to the lighting board through the booster, which may be hand- 
regulated to give the right volts. Where such a link is used in the 
daytime, it is desirable to have the breakers lon the main generator 
and booster with a time limit. If the feeder breakers be then free 
acting there will be but little chance of the main supply coming off, 
secing that a feeder ѓаћ will clear itself without cutting off the main 
supply. 

Number of Cells.—This should be chosen so that the booster has the 
minimum amount of work to do to get the greatest efficiency. For 550 
volts, installations have had as little as 240 cells, but 260 will be found 
more suitable where heavy work is to be done. If the cells discharge 
to r'8 volts on a heavy load they will need a boost of about 80 volts 
with this number. 

Size of Battery.—'This is a subject which needs considerable care 
in its consideration. If the generating plant be already installed, then 
evidently the battery may be chosen of such a size that it may enable 
the generator to meet the peaks. There is a tendency to put in very 
small batteries, but this is not always good policy. With a 33 per 
cent. load factor theory would demand that the maximum output of 
the battery should be twice that of the generator. While this gives a 
larger battery than many engineers think well to put in, still the result 
is good. As will be seen in Fig. 3, the battery there meets peaks 
nearly twice as great as the generator load, and this gives excellent 
working. As a practical rule, for new plants I would suggest that the 
hour rate of the battery should be equal to the full-load rate of the 
generator, and the two together must be able to meet the peaks. The 
circuit-breaker on the battery should be set as high as can be arranged 
for with the battery-maker, certainly not less than 50 per cent. over the 
hour rate, to meet exceptional peaks. 

The number of units generated by the dynamo must be equal to the 
number of units sent out on to the line plus the loss in the battery and 
booster. 'There is no difficulty in arranging this in actual practice, 
seeing that the dynamo can be run just sufficient hours to put out the 
required units. On a heavy day it is run a little later, or started up 
sooner, as may be required. The regulating resistances on the booster 
can be altered as required during the day, so that the battery may be 
not overcharged or overdischarged at any period of the day as the load 
varies. i 

The cell-boxes may be made larger than is necessary to accommo- 
date the number of plates in use. This is of utility in several ways. 
Thus a cell can be inspected by putting an L-shaped inspection lamp 
down, and turning it round so as to shine up from the bottom of the 
box. This method of inspecting is most satisfactory. If it is desired 
to increase the size of the battery more plates can be added. This 
should be done by taking old plates out of some of the cells and filling 
up others. The depleted cells can be fitted with entirely new plates. 

The actual work done by cells when working with a reversible 
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booster is very little. While the curve of discharge and charge looks 
formidable, it is yet of a frothy nature, and integrating meters on the 
charge and discharge will show comparatively little work even ona 
heavy day. The cells should, therefore, be specified to work at heavy 
rates of charge and discharge with durability. Efficiency is of less 
importance than durability. Actually cells working under these condi- 
tions are extraordinarily efficient, and no doubt makers will find it 
possible to improve and cheapen cells to meet this kind of load, as the 
demand increases. 

Acid tends to sink to the bottom of large cells in spite of gassing. It 
is quite easy to get the gravity of acid at the bottom of a cell by sucking 
some up into a vessel and testing it there. Where there is room a 
large tube may be put down to the bottom of the cell, its top being 
covered over tightly by the hand, covered with a rubber glove. When 
the tube has reached the bottom, if the hand be taken off the top the 
acid will rush in from the bottom of the cell. This can then be tested 
by a hydrometer in the ordinary way. If the acid be found to be too 
dense at the bottom, it can be stirred up by a wooden plunger. When 
this is forced down in the side space it will force the acid up from the 
bottom of the cell to the top, and so mix it up properly. 

The question of water for topping up is most important, and should 
be settled before the contract is placed. Otherwise, the engineer 
may find that he has no suitable water to fill the cells up with, and this 
will place him in a most awkward position. Condensed water from 
the boilers is not suitable, as it may contain iron and other deleterious 
matters. Lead worms in stills are unsuitable, as the soft water dissolves 
the lead, and this damages the cells. Suitable stills may be had, and 
battery-makers are gradually wakening up to the fact that the water 
question is of sufficient importance to require careful handling. If a 
still is required, it should be fixed up before the cells are erected. 

Working the Battery.—It is evident that the ordinary battery-makers' 
rules cannot be complied with in the case of traction batteries. The 
discharge and charge are mixed up, and the conditions are quite 
diffcrent from lighting battery practice. A very practicable method of 
working is as follows :— 

When the generator is started up in the morning there is usually a 
slack time, so that it can be arranged that the battery is chiefly charg- 
ing. The battery attendant should go round the cells now and see that 
the cells all gas up together. He can top up atthe same time and carry 
out the ordinary work on the cells. When the cells are full up the 
charge and discharge meters should be read. By this means the read- 
ings will show exactly the proportion of input to output each day. If 
the readings are taken each day at a particular hour this will not be the 
case, as the readings will vary with the state of the battery, and will 
not be of much use. When the charge is completed a little current 
тау be run off the cells by adjusting the booster regulators, and this. 
will insure that there is no overcharging of the cells. For the rest of 
the day the booster may be regulated to give charge and discharge 
about equal. 


Mr. Lunn. 
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The battery-room should not be too well lighted by windows, as too 
much light makes it difficult to inspect the cells. The wiring may be 
done on insulators. At intervals lamps may be hung on long flexes of 
Lyric 3/25 wires. These are useful for looking into the cells from above. 
Acid-resisting paint is liable to chip off from a ceiling, and I have found 
that good enamel is better, covered with acid-resisting varnish. Venti- 
lators should be arranged to keep flies and dust from getting in. It is 
desirable that the room should be electrically lighted from the positive 
side of a 3-wire system, for if lighted from the negative side there may 
be over 700 volts difference between the lamps and the cells, which may 
be undesirable to the battery attendant. 

A grating made of wood dipped in melted pitch is satisfactory for 
the attendant to stand upon in examining the cells. 

It has been proposed to clean out a battery in the following manner :— 
A tube is put to the bottom of the cell, and its other end is connected 
to a barrel. The top of the barrel is then connected to the condenser, 
thus creating a vacuum in it. The effect of the vacuum is that the acid 


‚ and sediment rush into the barrel. It is stated that this is an effectual 


method of cleaning. 

The switchboard shown in Fig. 5 has worked very well. The 
breakers are on the live side, but practically everything else is on the 
earth side. Wattmeters may be used for registering the charge and 
discharge, the shunts being taken off the bus-bars, so that the meters 
virtually become ampere-hour meters. The meters must be arranged 
so as not to go backwards. There should not be too many recorders, 
as these are expensive to keep up. Usually an ampere recorder is 
fitted to show the battery charge and discharge. "This should have the 
same shunt as the ammeter, as there is no need to have two shunts. 
Probably, however, a battery recording voltmeter might be of more use, 
as the battery is usually doing all right if its volts keep within limits. 


DISCUSSION. 


Mr. J. R. P. LUNN: I have made a few notes in connection with a 
reversible booster at Darlington, where I have found that it is more 
economical to run the battery without the booster as much as 
possible. At first, we ran the booster all day ; after a time we only used 
it between 5 p.m. and II p.m., and at the present time we only use it 
about six hours a week in order to give the battery its weekly over- 
charge. We find that by allowing the battery to * float" on the bus- 
bars, it gets charged quite sufficiently for ordinary purposes. We 
supply a tramway load which varies regularly from a very small amount 
to 250 kilowatts, by means of a 100-kilowatt generator and a battery, and 
we find that the load on the generator averages about 85 per cent. of 
full load and never gets more than a few per cent. above full load, and 
the voltage does not vary more than 4 per cent. each way. With 
reference to the suggestion that regulating resistances should be fixed 
on the switchboard, I consider that resistances should be kept away 
from the switchboard as far as possible. It is almost as easy to fix 
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them under the switchboard and operate them by means of a hand 
wheel. As a rule there is quite enough on a switchboard without 
adding bulky things like regulating resistances. With regard to the 
mention that has been made of the comparatively low coal consumption 
at Darlington, I do not think that this is due to the absence of con- 
densing plant, as is suggested by the author (the amount of steam used 
per unit being rather high), but to economies effected in the boiler 
house. With regard to battery maintenance agreements the simplest 
way to get over the objectionable clauses put into maintenance agrec- 
ments by some battery-makers is to draw up your Own maintenance 
agreement and ask the battery manufacturers to quote rates for main- 
taining the battery in accordance with that agreement. 

Mr. Е. C. KIDMAN : With regard to Mr. Turnbull's remarks оп the 
link between “traction” and “lighting ” plant, I have had experience 
of running a balancer off the traction bus-bars with rather poor results. 
This balancer in question consisted of three machines on a rigid shaft, 
and was really used as a twin generator, the motor being driven off the 
traction bus-bars. It was only used in this way on very light loads on 
Sunday mornings, but the variation in the traction bus-bar voltage 
varied the speed of the balancer motor so much, and, in consequence, 
the supply voltage, that the method was abandoned for a battery. 

Mr. Davis: Does Mr. Turnbull think it worth while having the field 
laminated ? 

Mr. H. L. RISELEY : I would like some information as to overload, as 
Мг. Turnbull’s generators do not appear to do more than about 20 per 
cent. I think that, at any rate for a few minutes, they might be run at 
a great deal more than this. With regard to the question of “ non-con- 
densing " stations running at so low a cost, the reason why some “ con- 
densing " stations do so badly is that they have to pump their water so 
far ; in one case I know of the distance is about three-quarters of a 
mile, which, of course, is a very expensive business for the station. 

Dr. W. M. THORNTON (Chairman): As far as rapid response to 
sudden loads is necessary, the solid magnets are better than the lami- 
nated, as the core currents prevent the change of the magnetisation 
and so reduce the momentary back electromotive force of the magne- 
tising circuit. The cores may be made laminated to prevent loss of 
efficiency by eddy currents. 

Mr. TURNBULL (in reply): The booster at Darlington is of the 
“Crompton,” not of the “ Lancashire” type. The results obtained at 
Darlington are due to the fact that their battery is not usually called on 
to discharge at much over one-third of its one-hour rate. For any 
fairly heavy rush of current they drop to about 480 volts. In ordinary 
stations people want to use their battery with momentary discharges up 
to much in excess of the one-hour rate, and they wish to keep the bus- 
bar volts right also. The “ Lancashire” board is arranged to allow the 
battery to be put right on to the bars, without the booster, during very 
slack times. Replying to Mr. Kidman, I would point out that the voltage 
is kept exceedingly good when the Lancashire booster is running, so that 
it is possible to get a good pressure on the lighting side with a link 
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between the lighting and traction sides. In reply to Mr. Davis, the 
“ Lancashire ” fields are laminated, as only thus can the machine respond 
to the rushes of current which come on. In reply to Mr. Riseley, on 
pure throttled governed engines there is no real overload, except by 
passing high-pressure steam into the lower pressure cylinders. The 
latter method, however, is not of much use in actual practice, as it is 
very extravagant in steam and bad for the engine. Replying to Dr. 
Thornton, I would point out that his remarks seem to cover the case of 
a fixed voltage applied to a solenoid, whereas here, the coils are in 
series with 550 volts, and there is practically no choking back. Lamina- 
tion is necessary under these circumstances for quick response and 
absence of heating. 


a 
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BIRMINGHAM LOCAL SECTION. 


A NEW METHOD OF AUTOMATIC BOOSTING. 
By Max J. E. TILNEY, Associate Member. 


(Abstract of Paper read Fanuary 17, 1906.) 


The system of automatic booster regulation that I am proposing to 
describe differs from the more generally known methods inasmuch 
as the regulating coils have not got to be wound on to the booster 
itself, but are wound on to the carcase of a very small motor, quite 
independent of the main machine, which can therefore be less costly 
in design. 

The system is one of automatic regulation on the shunt field, and 
this regulation is automatic both when the booster is charging and 
discharging, the apparatus being so arranged as to provide for reversal 
of the shunt excitation. 

It is not of much importance whether the polepieces are laminated 
or solid, though a booster with laminated poles naturally gives rather 
better results, due to the flux following variations of shunt current more 
rapidly ; it is, however, sufficiently rapid with unlaminated poles for a 
regulation within 4 per cent. to be obtained on a system with a maxi- 
mum load of 1,200 amperes at 430 volts with a variation of 500 amperes 
representing a change from goo amperes discharge to 100 amperes 
charge. | 

I propose to deal to-night only with the apparatus as applied to 
boosters and batteries, but there is no reason why the simple non- 
reversing regulator should not be used for controlling gencrators 
working without a battery on a varying load. 

The standard apparatus is shown in Fig. 1, and Fig. 2 із a 
complete diagram of the arrangement showing booster and battery, 
but I wish again to emphasise the point that it is only the regulator 
that has to be added to any existing station having shunt-wound 
booster and battery, to obtain this automatic regulation. 

The standard arrangement for tramway systems consists of a 
multiple way regulating and reversing switch, as shown in Fig. 3, 
mounted on a kind of table having all the resistances fixed under- 
neath it. | 

The switch contact blocks аге directly connected to the spindle of 
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a small motor armature. There are two pairs, one pair making con- 
tact on rings 1 and 2, and the other pair on rings 3 and 4 in Fig. 3, 
each pair being connected. 

Fig. 34 shows details of switch-gear on a larger scale. 

The reversal of the booster excitation and the discharge before 
reversal is effected by the two contacts marked S S in Fig. 3, the 
switches as they pass on to and over these contacts short-circuiting 
the booster field windings. This will be easily {омеа out on the 


FIG, I. 


diagram. Іп practice, no sign of any inductive spark is visible, even 
with very rapid reversal. 

As the full boost is never required on discharge, there is a per- 
manent resistance, as shown in the diagram, in series with the regu- 
lating resistance on the discharge side. 

The armature has a small current always passing through H, and 
the polepieces are wound with four coils, numbered I, 2, 3A, and 3B, 
as shown on diagram, Fig. 2. | | 
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Above and behind this table ate mountéd the terminals fer the fotir 
field coils and the armature, two small S.P. switches and two small 
regulating switches with their resistances behind them, also in the 
standard arrangement two lampholders wired in series with the little 


Positive bus bar 


Rail reburn Booster |! 


Fig. 2. 


motor armature so that this circuit can be put across the bus-bar volt- 
age while using a low resistance armature, tliis is simply to save the 
expense of winding such a small armature for the high voltage. 

One of the two S.P. switches is for this armature circuit, and the 
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other for the circuit of the No. 2 Coil, which also has one of the regu- 
lators in series with it. 

The other regulator is a diverter for No. 34 Coil. 

In the case of an old booster system being converted, the existing 
field breaking switch or switches can be used ; but if the apparatus is 
being provided for a new station, these switches would be mounted on 
the front of the table. 


pos 
в 
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) 


FIG. 3. 


The only other piece of apparatus is a main diverter capable of 
carrying the full output of the station, and this is in a form similar to 
the shunt of a moving coil ammeter of large capacity, but of slightly 
higher resistance. 

It will be seen that the armature never makes a complete revolution, 
and is therefore quite unlike the motor armature on a Thury regulator, 
which is always revolving. 
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The field coils are in four different circuits :— 

No. 1 carries a definite proportion of {һе outside load diverted 
through it by the main diverter. 

No. 2 is set to give a certain number of ampere turns depending on 
the output of the machines running in the station, and this value of 
No. 2 Coil only has to be altered when a machine is shut down or put 
on the bus-bars. 


FIG. 3A. 


Coil 3A is in the circuit of the booster field when the latter is 
charging the battery, and Coil 3B when it is discharging ; the change 
from one to the other being effected by dividing the inside ring of the 

. switch at the point where the booster field is short-circuited before 
reversal. 
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Coil 34 has connected in parallel with it the шай divérter 
metitioned above and shown іп the diagram: 

This is to compensate for the rise in volts of battery. 

In practice, I find that except when the cells have been consider- 
ably tun down, or when it is desired to give them a gassing charge, 
this diverter has not to be touched. 

I would point out that this diverter will, for practically any booster, 
never have to be of larger current capacity than, say, 5 amperes, and 
this takes the place of the costly, and, as I find, sometimes dangerous 
diverters necessary in the case of many automatic boosters, where the 
main current of the station has to be carried by a variable resistance, 
whose value may have to be altered with considerable amounts of 
current passing. ' 

The whole apparatus can be made up in standard form, and only 
requires the тїйїп diverter and the regulating resistancés arranging for 
each сазе; tlie 8128 of the main diverter, of course, being dependent 
on the station butput, and the resistances depending on the magnetisa- 
tion curve of the booster. 

I find, in prdctice, that it is well to give a regulation of four volts 
per step on the charge side, and three volts on the discharge side ; and 
it is very advisable to work out the resistances on each side carefully. 

The motor armature is designed to carry about d'5 ampere, and its 
best figure is somewhere in the neighbourhood of 0'3 ampere. | 

No. 1 Coil on the field is arranged to carry 50 amperes as а 
maximum, at the maximum output of the station, dnd it has 40 turns, so 
its maximum value is 4 ‚боо ampere turns. 

Coil 2 has 1,000 turns, and a current capacity of 2 amperes. 

The current іп this coil is varied by means of the regulator 
mentioned previously, апа its ampere turns valué cdn be varied from 
100 up to 2,000 in the 20 steps provided. 

These two coils will be the same whether thé station in question 
has a top load of ioo amperes or 5,000; in the formier case half 
the load would be diverted through No. 1 Coil; and if the generator 
output was 50 amperes, the value of Coil No: 2 corresponding to it 
would be 1,000 ampere turns; and in the second case only тё; of the 
output goes through No. 1 Coil, and the value of Coil No. 2 corre- 
sponding toa generator output of, say, 4,000 amperes would be 1,600 А.Т. 

Coil 34 has r,ooo turns and a current capacity of 2:5 amperes, 
though this may be altered later if it is found that it is necessary ; but 
I believe diversion would be necessary to correct for rise in cell volts 
before that value is reached, except in the case, perhaps, of a very large 
booster. ‚ 

Coil 3B has 2,000 turns апа а cuttent capacity of 2 amperes, as I 
believe it will be found that, except as before in the case of a very large 
booster, all the volts required for boosting out will be obtained with 
lower values of shunt cutrent than this, a5 the boost-out will not exceed 
70 volts within the limits allowed by battery compatiies, assuming the 
usual 240 cells on а 50oo-volt traction systein. 

The operation of the apparatus is really very simple, and depends 
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оп the fact that any movement of the switch not only alters the booster 
field, but also alters the value of Coils ЗА or 3B, always tehding to 
produce a resultant zero flux іп the small miotor-field systett. 

Coils т and 2 ate always producing a miaghetising effect in 
opposition to one another. 

Coil 3А acts in the same sense as Coil 1, and therefore the switch 
tends “on charge" to set itself in such a position, that the flux due to 
Coils 1 and 3A ts equal to the flux due to Coil 2. 

On dischatge; Coll зв comes into action (Coll 44 is but of circhit), 
and Coll зв acts iri the вате sense as Coil 2, and thë switch tends to set 
itself so that the flux due to Coils 3 айа 3B is equal to that due to 
Coil 1. 

Take an example :— 

Assume a maximum possible output of a station 2,000 amperes, and 
that there are two machines; опе 800 athperes and one 4oo amperes, the 
battery being capable of dedling with a discharge of 800 athperes at the 
one-hout rate, апа а maximtrm of 400 amperes on chdtge. 

Let us assume that the 8о0-атіреге machine is running with the 
battery. The diverter will be sending 45 of the main load through 
No: т Coil. No. 2 Coil would be set at 800 ampere turns representing 
the generdtor output. 

If the load on the feeders is 800 attíperes, it will be cleat that Coils r 
and 2 will be exactly balanced, and the switch will be in the neutral 
position, the booster field will be unexcited, and the battery, will be 
floating at about 2°1 volts per cell. | 

If the cells should be rathet low, say at the beginning of a day's 
work when they have hdd some load taken ont at night after the plarit 
was shut down, it may be necessary to set Coil 2 a bit below the gene- 
rator capacity, but this will only have to be done fot à very short time, 
and I have found the apparatus work well with balanced lodd wher the 
cells were reading anywhere between 1705 and 272. 

If the cells are high the diverter on Coil 34 will have been iri tise, 
ahd the booster will be slightly opposing the cells, as the balance will 
extend over several steps of the resistatice, on the charge side, away 
from the tieutral point. 

I should say hete that the switch operates With a difference of about 
$0—O-56 ampere turns, that is, that the limits of varidtioti in the load, 
on stich a system ds our example, without the switch moving, would be 
100 amperes, being со ampere turns on either side of the absolute zero 
field on the small motor; and a battety of the size taken would deal with 
such a variation with a drop in volts certainly not exceeding 2 per tent., 
atid probably riot exceeding т per cett. 

Now returning to our example :— 

Let us assume that an additional load comes bh; say 300 ámperes. 

Coil 1 rises in value to 1,100 A.T.; beinp зоо А.Т. in excess of Coil 2, 
and the motor now has a strong field, ішгпінр the armature and switch 
round towards the discharge side. Coil 38 comes into operation ahd 
adds the necessary 300 А.Т. in the same sense d$ Coil 2. 

With our standard winding of 2,000 turns, this means o'15 ampere, 
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and with the booster the author has in his mind this will mean about 
30 volts boost. 

Of course for boosters with very different magnetisation curves it 
may be necessary to alter the turns on both Coils 3A and 3B, but from 
particulars I have obtained of a large number of boosters I do not think 
any alteration in the number of turns is likely to be required, but if it 
is, it will be in the direction of using fewer turns, which will therefore 
not necessitate any alteration to the rest of the apparatus. 

In most tramway stations the peaks are of short duration, and I do 
not anticipate any trouble from the use of the diverter in No. 3a Coil, 
because, assuming the battery to be charging and the cells to be at 
about 275 volts, if a discharge, even at a high rate, is taken for a short 
time, as soon as this goes off, the cells will very quickly rise to their 
previous figure. 

If in our example the load, after rising to 1,100 amperes, now goes 
back to 400 amperes, Coil 1 will have a value 400 A.T., and Coil 2 and 
Coil 3B will greatly overpower it, and the switch will move rcund 
towards the charge side until the value of Coil 34 is 400 A.T., so that 
Coils 1 + 34 = Coil 2. 

In our case, with Coil 34 undiverted, this would be with a shunt- 
current of 0'4 ampere, giving 55 volts boost ; but of course, if the cells 
are well up, the diverter will have been in circuit and the boost will 
amount to whatever value is necessary to charge at 400 amperes. 

If it is desired to use the battery and booster without any generating 
plant running, it will be quite clear that, if the S.P. switch controlling 
No. 2 Coil is opened, Coils 1 and 3B will try and balance each other and 
the boost-out will depend directly on the outside load, any variation 
making a corresponding variation in the resistance in the booster shunt 
field, and also in the ampere turns due to Coil 35. 

It will be easily seen that the size of the station makes no difference 
whatever, as the percentage of load variation at which the regulator 
begins to operate is the same in all cases, so that in a small plant with 
what I may call lower electrical elasticity, the small variations which 
then amount to 1 per cent. of maximum load, will be dealt with as 
smoothly as the 1 per cent. variations in load of a 5,000-k.w. station. 

I find that with solid cast steel poles on the booster the switch 
generally rather overshoots its mark, and then comes back. This is 
particularly the case with large variations in load, but is an advantage 
as it helps to make the excitation follow the shunt current a trifle 
quicker than it will do with the switch going direct to its proper 
position. 

To overcompound so as to compensate for drop in feeders it is only 
necessary for the value of Coil 2 to be set a little below the capacity of 
the plant running, and to divert Coil 34 by a slightly lower resistance. 

It will be easily seen that this will, when the booster is charging the 
battery, still allow it to charge up to its full capacity, or the full capacity 
of the plant, and when discharging will allow the regulating switch to 
go a little further round on the boosting-out side, which will raise the 
volts of the battery and booster in series somewhat higher than is 
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necessary to take its fair proportion of load. This, of course, tends to 
rob the plant of just so much load as will allow the machine volts to 
rise to an equal amount and I have been able successfully to raise the 
volts on a small system to 520 when thc load comes on, and reduce 
them to 500 when it comes off, so that the cars have been able to keep 
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00200 0200 
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FIG. 4. 


better time at the busy part of the day than they had previously been 
able to do. 

, In using this apparatus we meet the same point as in all other 
systems, namely, that if the maximum capacity of the plant running 
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approximates to the miaxithum charging rate of the battery; better 
regulation is obtained than is obtainable if the plant capacity much 
exceeds the battery capacity. 

The hext point to consider is the question of efficiency and general 
running losses. 

These latter may be put down as consisting of :— 


(т) Current in small motor armature. 

. (2) Current in No. 2 Coil. 
(3) Volt drop on main diverter and No. 1 Coil. 
(4) Copper loss No, 3A and 3B Coils. 


Of these, No. 4 may be ignored ; {һе resistance of No. 34 is about 
5 ohms, and of 3B about 12 ohms.’ In tlie latter case it is only 12 ohms 
moved from the permanent resistahce into the coil, and in the former 
it is only probably half of the rise in the resistance due to the warming 
up of the machine shunt windings: 

Loss No. 3 is also quite small, as the resistance of the main diverter 
is, for a 2,000 ampere station, only about o'o0015 ohm, the series coil 
resistance being about o'0o9 olim, so that at top load the loss would 
orily be 1,000 watts. 

Loss No. 2 would at full load in our case be r'2 х 500 == боо watts, 
and loss No. 1 would be o: 3 X 500=150 watts, making a total at 
maximum load of 1,750 watts. 

A very fair average load factor for. a tramway station is 25 рег cent., 

so that the average losses per hour due to the regulator would be, say, 
і unit. The efficiency of the war iud may therefore be considered 
as the efficiency of the bodster and its motor. 
. Ido not claim for this arrangement the very high efficiency claimed 
for the Highfield booster, but I am of opinion that too much can be 
paid, in first cost, for a small gaih in efficiency, particularly when it 
means putting out of service plant which is already installed. 

In Fig. 4, another method of arranging the apparatus is shown, but 
though interesting, the author is of opinion that it would not work well 
unless the booster polepieces were very carefully laminated, as the 3A 
and зв Coils depend on the variations of the booster terminal volts and 
there is a much greater lag in the tertriltial volts than there is in the 
exciting current, which would almost certainly produce hunting of the 
switch, and there is the additional disadvantage of having another 
circuit added to those already on the apparatus, and another added 
loss. 

A view of the whole apparatts is given in Fig. 5. The first of these 
has been set to work regularly at the Tramway Station of the Urban 
‘Electric Supply Company, Glossop, the particulars of which may be 
of interest :— 

A 4-pole booster, with laminated polepieces, is in use. This machine 
was originally fitted with series coils, but they have now been cut out 
and it is working as a simple shunt-wound booster. The maximum 
load on the system is about 400 amperes, and the pressure required on 
the trolley line is a full 500 volts. The station has a 45-k.w. set, 


FIG. 5. 
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which was installed with the intention that it should deal with this 
load in connection with the battery capable of discharging up to 350 
amperes; but it was previously found necessary to use а go-k.w. 
set on the heavy load, in order to keep the volts up to anything like 
500 when the peaks came on. By using a regulator they are now able 
to do the heaviest load with the small set, and at the same time they 
are able to get the battery so well up that at 11.30 p.m., when the cars 
come in, there is no necessity to run on for charging purposes, except 
one night a week, when they give the battery an hour's gassing charge. 

The practice at this station is to arrange for what I might call over- 
compounding, and to lower the volts when леге is no load on the 
line to оо in the station, and to raise them up to 520 or higher at the 
highest peaks. I, however, thought it would have been of interest 
if I could have obtained some figures to show how close it was possible 
to regulate, and some results have just come to hand which show that, 
while keeping the load on the machine about constant, it is possible to 
regulate from 65 amperes charge up to about 180 discharge, with an 
extreme variation of 16 volts ; and I think that when the drivers get 
to know the apparatus a bit better they would be able to make it 
regulate closer than this. 

The mere fact that this running of a 45-k.w. set in place of a 9o 
for the heavy loads gives the station more spare plant is satisfactory, 
and I have good hopes that the result of this will be that it will not 
be necessary to incur the additional capital expenditure which was in 
contemplation to mcet next winter's lighting load. 


cn Amperes о зо '40 50 70 % 100 120 130 о 19 210 


Current into Battery ... 65 40 30 30 

Current out of Battery... 10 30 30 50 70 100 150 170 

Line Volts аен 520 515 52Q 515 528 515 515 5І0 512 520 515 515 

Line Amperes ............... о 20 30 50 70 80 100 150 200 250 

Boost-in Amperes ......... 120 100 65 60 30 20 о 

Boost-out Amperes ...... 80 100 150 

Line Volts .................. 525 539 540 540 549 538 535 585 540 540 
DISCUSSION. 


Mr. J. S. HIGHFIELD (communicated): 1 should like to point out that 
my own boosters can be, and, in fact, are, used with any make of battery 
on an entirely uniform price basis, I think that Mr. Tilney will find that 
recent prices of my machines compare well with the prices of other types 
of boosters. In laying out a battery equipment to work jon a variable 
load, the object in view being entirely, or partly, to damp out the 
variations in the load so that the generators run at approximately 
constant load, it is important that the battery should be of proper size 
for the work, whatever system of boosting or regulating may be used. 
It is not a fact that, as the concern grows, a larger battery is necessarily 
required. In these cases the conditions are different from those of a 
lighting load, where the battery should be property increased as the 
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' load increases. In the cases of loads where an automatic booster or 


similar method of regulation is required, with reasonable care, the 
battery can be laid out so that it will be sufficient for years, since, 
as the load grows, in nearly every case its load factor improves. In 
some cases it is not economical to install a battery equipment to take 
entire charge of the variation ; it is considered better to lay out the 
equipment so that part of the variation comes on to the generators. In 
all these cases it is merely a matter of a small degree of regulation, and 
in my particular design of booster just so much of the load is taken up 
as is desired. Mr. Tilney expresses some doubt as to whether the 
Thury system of regulation will be sufficiently quick to follow the 
variations in the load. When I first worked on the problem of regulat- 
ing storage batteries, I had the idea that it would be necessary for the 
booster to operate as the load changes, but if a battery of a proper size 
is put in, this is not necessary. One has only to work a large battery 
in simple parallel, without any regulating gear whatever, with a shunt- 
wound generator, to find out that this is true so long as the battery is 
not too much charged. Of course, at the point where the pressure 
curve is rapidly rising much increased regulation is required. 

Мг. К. S. McLEoD (communicated): Mr. Tilney suggests altering 
old shunt-wound boosters and using them as automatic reversible 
boosters. In a few cases, perhaps, this might be possible, but there is 
no heavier work for a booster than a traction system, where the load 
varies from nothing to тоо per cent. overload continually, and this load 
has to be carried by the armature, sometimes with fairly large booster- 
field, and sometimes with по field at all. The commutating conditions аге 
very difficult, and unless the machine has been specially designed for 
this class of work it is liable to give a great deal of trouble through 
sparking. Then, again, laminated fields are practically a necessity if 
one is going to follow up the peaks of a tramway load quickly enough. 
It may seem a small point whether the booster will respond in one 
second or ten, but any tramway engineer will know the enormous 
difference it would make with regard to keeping anything like constant 
load on his generators. I shall be glad to hear whether these boosters 
have been working for any considerable length of time, and if so, 
whether the freedom from sparking mentioned is maintained. It 
seems undesirable to put in an arrangement which necessitates regula- 
ting switches being continually moved over their contacts, when all 
necessary regulation can be obtained automatically by current and 
voltage variations in the system itself. 

Mr. H. SIDDELEY (communicated) : Referring to Mr. Tilney's claim 
that his booster regulator is designed with a view to the use of existing 
boosters, I doubt if he will find the average booster suitable as an 
automatic reversible booster, on account of the usual design not being 
satisfactory from a commutation point of view,as when the full current 
is passing with no volts. Most boosters to be found in any power 
station with a battery would be of the non-reversing type, which would 
certainly be unsatisfactory as automatic boosters. In all other systems 
it is found in practice that a laminated feld does make a great 
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difference in the way the battery picks up the peaks, and I cannot see M 


why this should be different with Mr. Tilney’s method. Even if any 
one should be fortunate enough to find his existing booster suitable, it 
would be cheaper to rewind the fields after the method used by Turn- 
bull and McLeod, and certainly simpler than introducing a new 
machine and automatic switchgear. I do not agree with Mr. Tilney 
that in practice his regulator with a solid field booster would pick up 
the peaks quickly enough, and think that if he attempted this with a 
compound machine the generators would certainly get most of the 
load. Probably Mr. Tilney has tried with a shunt-wound machine, and 
his arrangement would there be better, as any tendency on the part of 
the generator to take the overloads would result in a fall in volts, and, 
so to speak, meet the booster half-way in its regulation. It is also well 
known that the use of diverters in the main circuit makes the booster 
rather more sluggish than if the whole current passes through the 
series winding. In Mr. Tilney’s method a very much larger proportion 
of the main current passes through the diverter than in other methods, 
and this would seem to tend to make this method more sluggish than 
the others, other things being equal. The volts varying in fixed steps 
of three or four would also not give a gradual enough regulation when 
the battery was fully charged, i.e., very nearly approximating to the 
voltage of the line, and would result in either too heavy or too light 
charges and discharges, either of which would be against an even load 
being kept on the generator. 

Mr. VICTOR BORNAND: I am surprised at the title of Mr. Tilney's paper, 
as the principle described has been in use for several years in various 
tramway generating stations in this country. Irefer to the system pro- 
posed and used by Mr. R. Thury, which consists of regulating the shunt 
of a booster by means of an automatically actuated rheostat. The ~,-H.P. 
pilot motor of the Thury regulator runs at from 2,000 to 2,500 r.p.m. 
Such speeds are largely used in fan motors and give no trouble. This 
speed results in a very quick motion of the gear actuating the field 
rheostat brush. It is such that with a shunt-wound booster and a 
sudden variation of load of Şo per cent., or a voltage drop or rise of, 
say, 25 per cent., only a few seconds are required to bring the voltage 
back to its normal value. Where sudden variations of load occur, as 
in a tramway system, a compound winding is used, insuring a still 
quicker regulation. The principal duty of the automatic regulator in 
such a case is to correct the action of the compounding. In the case 
of a lighting load it is usual to use a shunt winding only. Mr. Tilney 
is mistaken in stating that the Thury regulator never automatically 
reverses the shunt field. This is actually one of its principal duties. 
I cannot agree with the author's statement that the reluctance of the 
magnetic circuit of the booster generator is unimportant. In order to 
secure good results, attention should be directed to the shape and form 
of the armature tooth, and also to the way in which the wires are em- 
bedded on the slots. Mr. Tilney speaks of regulation within 4 per 
cent. Ishould like to know if this is 4 per cent. total or 4 per cent. 
each way. In either case it seems bad, as a steam engine governor 
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will give better results. Under the conditions stated I consider that 
the Thury regulator will keep the voltage constant within half or even 
a quarter per cent. The author draws comparison betweenthe armature 
of his motor and that of the motor of the Thury regulator. In the 
latter system the motor is not a necessity, as is the case in the former; 
in fact, the regulating gear can be driven from any convenient source, 
as, for example, the shaft of the booster. Ido not see how the quickness 
of action which obtains in the Thury regulator (where the amount of 
iron is reduced to its lowest possible minimym) can be obtained in an 
electro-magnetic apparatus containing so much iron as that described 
in the paper. The author states that Coil No. 2 has to be set at a certain 
value, depending upon the number of machines running in the station ; 
also the diverter of Со 34 has to be altered when the cells are con- 
siderably run down. In my opinion an automatic reversible booster 
should need no hand regulation. I consider that the losses in Mr. 
Tilney's regulator are considerable. The small motor of the Fhury 
regulator consumes only go watts at all loads. We are much indebted 
to Mr. Tilney for his attempt to improve a very interesting piece of 
apparatus. 

Mr. W. ARMISTEAD: I consjder that Mr. Tilney’s appatatus has 
several advantages, It gives satisfactory results when used with а 
simple shunt-wound booster. It is not necessary, as in other systems, 
to use a machine with under-saturated fields. It enables the battery 
to be charged at any rate. When switched in or out, the voltage 
across the apparatus is always that of the bus-bars. I consider that 
the author’s system is a very neat method of dealing with a difficult 
problem. | 

Mr. б. C. ALLINGHAM : In principle, Mr. Tilney's system is simply 
an ordinary differential booster worked through a relay, the differential 
coils being wound, not on the field of the booster itself, but on the field 
of a subsidiary motor. ‘hus, Coil 1 in Fig. 2 of the paper corresponds 
to the series coil, and Coil 2 to the shunt coil, of a differential booster, 
while Coils 34 and 3B correspond to the self-exciting coil which is 
connected across the brushes of the Turnbull and McLeod booster. 
The author's system has the advantages that the initial Cost and the 
losses in the various coils are reduced, but I consider that these advan- 
tages are gained at the expense of the regulation. In every system 
there is a certain lag due to the time required to change the magnetisa- 
tion of the booster field, but in the author's system we not only have 
this, but in addition a lag due to the motor field and to the time taken 
by the motor to move the lever of the field regulator. Again, a con- 
siderable change of current is required to overcome the friction of the 
apparatus before the regulator will operate at all, a disadvantage which 
is entirely absent from ordinary automatic boosters. The whole of the 
field system should be laminated, at least for traction work, as with 
solid fields the lag would be far too great. The author claims that he 
can compound to allow for a rise in pressure as the load comes on. 
Most automatic boosters have a compound winding which compensates 
for the drop in the battery, booster, etc., and this could easily be used 
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for over-compounding. Even if the main diverter is not to be used for M 


regulation, I think it is advisable to make it adjustable, as it is impos- 
sible to fix its resistance beforehand, and it has to be adjusted on the 
job after starting up. I may point out that the cells should always be 
kept partially discharged while floating. If they are allowed to get too 
full, they will “ gas” violently every time the load goes off anda charge 
goes into the battery. This frequent and violent “gassing” is very 
injurious to the cells, and causes excessive shedding of peroxide from 
the positive plates. The cells should only be brought up to “ gassing " 
point once a day, and this is usually done just before shutting down at 
night. 

Dr. D. К. Morris: The principle of Mr. Tilney's regulator, namely 
that of regulation of the excitation of a shunt-wound booster, is the 
same as that of the Thury booster and regulator, and it is the rapidity 
of regulation attained which determines whether a booster of this type 
is suitable for dealing with a tramway load. For, during the small in- 
terval which must elapse between the coming on of a heavy load and 
the operation of the booster, the generator, even when not compounded, 
must take a large part of the sudden load, unless its characteristic drops 
much faster than that of the battery. Some figures relating to the 
reversible booster and regulator of the Thury pattern which has 
recently been installed in the Electrical Laboratory of the University 
of Birmingham may be of interest. The booster, which can deal with 
300 amperes, has cast-steel poles, and an immediate change of voltage is 
therefore not possible even if the regulator could work at any required 
speed. It is found that when the booster's excitation has to be increased, 
the automatic regulator, which works at the rate of two notches per 
second, operates at one-third to one-half of the rate at which the 
booster can build up its voltage ; but when the booster volts have to 
decrease, the regulator is well able to operate as fast as the booster 
voltage can follow. Under such conditions an automatic regulator 
more prompt in its action, such as that of Mr. Tilney, is not called for. 
No doubt, however,under average conditions, especially with a laminated 
field system, the quicker action of the new regulator will be of great 
advantage. Mr. Tilney claims as an advantage of his regulator that it 
can be compounded to give constant line-voltage, but there seems no 
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pounded. 

Mr. W. FENNELL : Mr. Tilney refers to the efficiency of boosters. 
I wonder if we realise their inefhciency. I consider that the average 
efficiency of a booster is probably only about 50 per cent. It is im- 
portant that the whole magnetic circuit of a booster should be laminated, 
the yoke as well as the polepieces. Many booster troubles are due to 
the motor, particularly to variations in the motor speed. The motor 
should consequently be looked to more frequently than is usually the 
case. I also think it important to mention that this system is not suit- 
able for any works where a battery has to discharge unattended, as it 
does not correct for varying battery E.M.F. This makes it unsuitable 
for lighting works of small size where there is no one in attendance 

VoL. 86. ; 41 


Mr. 
Fennell. 


Mr. . 
Fennell. 


Mr. Beyer. 


Mr. 
Holden. 


Mr. Tilney. 


620 TILNEY: A NEW METHOD (Birmingham, 


from, say, midnight to 6 a.m., and during the day on Sundays, as the 
line volts will fall with the battery E.M.F. as it runs down. 

Mr. M. B. BEYER: The use of batteries in central stations has but 
recently come into vogue in this country, whereas they have been 
extensively used on the Continent for many years; in fact, a station 
without accumulators can hardly be found. Continental engineers do 
not favour the use of automatic and reversible boosters. I think that 
the boosting devices are as troublesome as the batteries themselves. 
They add to the initial cost and to the cost for attendance, money which 
would be more profitably spent in increasing the capacity of the battery. 
With a low capacity battery combined with a booster system, neither 
the machines nor the battery will be an economical success or enjoy 
long life. 

Mr. S. Н. HOLDEN: Mr. Tilney states that the loss in the regulator 
at full load is 1,750 watts, and at 3 load 450 watts. But a large portion 
of the loss seems to be made up of fixed quantities, and I think that 
the loss at 1 load will be about 4, rather than 4, of the full load losses. 
The method of reducing the friction by making the polepieces of the 
small regulator motor embrace only the upper portion of the armature, 
thus causing the latter to float, is very interesting ; I think, however, 
that the main frictional resistance will occur at the switch contacts. 
Has any wear been observed at these contacts ? 

Mr. TILNEY (in reply) : I am glad to be able to say that with regard 
to the friction question raised by Mr. Holden, the wear on the carbon 
brushes is inappreciable and the amount of sparking very small 
indeed. I am astonished at Mr. Beyer's statement that the use of 
batteries in central stations has only recently come into vogue in this 
country. There are, of course, many central stations supplying purely 
alternating current, but I should say that quite half the stations in the 
United Kingdom are equipped with batteries, and several systems have 
more than one. 

I am interested in Dr. Morris's remarks, but I am afraid that there 
is a want of appreciation of the fact that in many small tramway 
stations it is not possible to keep the cell-voltage at a figure to obtain 
the results suggested, not only by Dr. Morris, but by other speakers, 
as it is quite an ordinary occurrence in these small stations for the 
cell-voltage to rise to 2:5, and it is just the rapid fluctuation of the 
cell-voltage from 2:5 down to 2 volts which has caused most of the 
trouble in connection with automatic boosting arrangements. Of 
course, if a booster takes such time to reverse its magnetism as 
mentioned by Dr. Morris, a rapid regulator is useless, but such a 
booster would be useless on a tramway system with rapidly fluctuating 
loads. Dr. Morris raises the point as to whether a Thury regulator 
could not be compounded. As this is worked on the voltmeter 
principle, I do not in the least see how it could be done. 

Dealing with Mr. Alingham's remarks, I quite agree that the 
windings of the small motor on the regulator are somewhat the same 
as those of the Turnbull and McLeod booster, but the addition of the 
balancing coil makes all the difference. The regulator is, in a way, 
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a differentially wound booster, with the difference that it does 
not boost, but makes something else do so. The position of the 
booster with respect to the regulating gear is quite immaterial. 
I would like to point out that the regulator can be adapted to 
any booster regardless of its magnetisation curve, and whether 
it is being worked with saturated field or not; it is simply a 
matter of calculating out the regulating resistances to obtain suitable 
steps on the regulator. There is no necessity in this regulator to 
adjust the series diverter when once it has been fitted up, and the 
small adjustment necessary to get the right proportion of the outside 
load diverted through the No. 1 Coil is easily made on the job, a few 
saw cuts in the strip being sufficient to give final adjustment, in the 
same way as the adjustment of an ammeter shunt is effected. Mr. 
Allingham also mentioned the suggestion that the series coil of an 
ordinary differentially wound or special automatic booster could bc 
made to compensate for the drop in the line. It appears somewhat 
curious that this has, as far as I am aware, never been done, and I 
imagine that it would have been tried or claimed unless there had 
been some particular reason why it would complicate matters. 
Undoubtedly, with the Highfield and other systems, the volts do drop 
at the end of the line considerably and frequently, to the annoyance 
of the trafic manager who is trying to keep even speeds. 

With regard to the Thury regulator and Mr. Bornand's criticisms, 
it was interesting to me to hear his statement with regard to what the 
regulator will do. Undoubtedly, two years ago, this regulator would 
not reverse, and I suggested at that time to Mr. Bornand that it would 
be an advantage if it could be made to reverse, and we now see the 
result. The regulation of 4 per cent. which I quoted is 2 per cent. on 
either side, and not 4 per cent. on either side, and I believe there are 
few central stations in the United Kingdom where as close regulation 
as this will be found. Mr. Bornand's regulation curve, as shown on 
the screen, was very close, but I am curious to know how it was 
obtained. It, nevertheless, would allow for an enormous drop in volts 
at the end of the line, and what tramway engineers require is not a 
straight line curve in the station, bat a straight line curve on the 
trolley line. The ease with which my regulator can be made to 
compound up is a great advantage. 

Mr. Siddeley's point on the use of boosters with full current and no 
field is covered by my answer to Mr. Allingham. As regards laminated 
fields, І expressly state that regulation is better with them, but the 
curves in the paper show what can be done with solid polepieces. I 
doubt if it would be possible to rewind a booster on the Turnbull and 
McLeod principle unless the carcass was much larger than was needed, 
in the first instance, and also it mcans putting the machine out of use 
while the alteration is being made, which may indirectly cost a not 
inconsiderable amount. As regards the use of compound generators, 
I doubt if any system will prevent a compound generator from taking 
too much load when running with a battery, and I should never 
suggest the additional expense of the compound windings. As regards 
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sluggishness due to diversion, it does not appear to affect the apparatus 
as far as one can observe. Mr. Siddeley’s idea of a battery fully 
charged and mine do not agree, neither do my observations of what is 
required in the way of regulation agree with his. 

I do not consider that a battery is approaching being fully charged 
till the cells rise to 2'5 volts, and at this figure much coarser regulation 
is permissible, as it takes a much greater variation in volts to produce 
a change from, say, 100 amperes charge to 200 discharge when the 
cells are up to 2:5 than is the case when the cells аге at, say, 2'2 volts. 
This will, I think, be easily seen if one considers that the cells in 
question will stand up to 1:05 to 2 volts each when discharging at 
200 amperes, and will, therefore, for a 500-volt supply, require 20 to 
30 volts boost out, and will in one case take only about 28 volts boost 
in to charge at 100 amperes, and in the other will require just about 
тоо volts boost in. I have always found in practice that the higher 
the cells are above 2:2 volts, the coarser can be the regulation, whether 
by hand or automatical, but in the last case it is a question of must 
be, not can be, to get the best results. 

In dealing with Mr. McLeod's interesting communication, no doubt 
there are boosters in existence that will not carry the full-load current 
without sparking unless they have strong fields. Personally, I do not 
quite know how they are made to work as ordinary non-reversible 
boosters if this is the case, because in practice it is quite an ordinary 
thing to have to commence a charge with full current and practically 
no boost on the machine at all. This, I think, will be quite obvious 
from the fact that if the cells are standing at 2 volts, and there are 240 
cells, the total voltage of the battery is 480, and the 20 volts difference 
between this and the line will account for a very considerable current 
into the battery. It will be of interest to Mr. McLeod to hear that with 
the regulator in question, which is in use at Glossop, we are able to 
keep the load on the generators constant within 10 amperes. The 
regulator has only been in use about three weeks, but I do not antici- 
pate any trouble, even if it had been in use for three years. There is 
absolutely nothing to get out of order, and all that is required is for 
the contacts to be wiped over with a little rag and methylated spirit 
about twice a week. 

I am afraid that Mr. Highfield does not quite follow the meaning of 
the paragraph to which he takes exception. I did not intend to convey 
in any way that a larger battery was necessary as the load grew. What 
I was endeavouring to point out was that, assuming, in the first place, 
that a generator is in use of, say, 400 amperes capacity, and that the 
battery will take a charge at 400 amperes and discharge at, say, 800, 
as the system grows the maximum will perhaps rise to 2,000 amperes. 
In that case, it will have been necessary to use another generator in 
parallel with the 400-ampere machine and the battery—say an 800- 
ampere machine. This will give a generator output of 1,200 amperes, 
and supposing that the variations below that are greater than the 
battery can take as charge (the minimum current being about 500 
amperes), the Highfield booster will attempt, as far as it is able—and 
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it will make a very good attempt—to keep the volts level by overloading 
itself or trying to, and putting more current into the battery in charge 
than it ought to. If it cannot do this, there is absolutely no alternative 
but for the line volts to rise very considerably at these points of mini- 
mum current. That is the meaning that I wish to convey in the para- 
graph which Mr. Highfield criticises. Mr. Highfield also takes exception 
to another part of the paper, and raises the same point that has been 
raised by several other gentlemen in the discussion when he says that 
if a battery of the proper size is put in it will not be necessary to use 
a booster. This, of course, is perfectly true, but unfortunately we can- 
not always put in as large a battery as we should like, and the reason, I 
suppose, why automatic boosters have been developed is that there is a 
certain economic figure beyond which it is not advisable to increase the 
size of a battery for a given load, and in order to obtain satisfactory 
regulation it is more advisable to spend, say, 4300 on a booster than to 
spend £2,000 on larger cells. 

Mr. TILNEY (communicated) : Since reading my paper I have, with 
the kind permission of Dr. Morris, been able to time the Thury regula- 
tor at the University, which, however, is for fine, not rapid regulation, 
and I find that when the load is suddenly altered by hand it takes the 
regulator five seconds to correct For a drop of 15 volts, corresponding, 
say, to 35 volts on a 550 circuit. This may be good enough for some 
people, but it does not meet with the requirements of our central station 
work, and though Ї am convinced that the Thury regulator has done 
better than this, it is somewhat astonishing to me that Mr. Bornand has 
not produced particulars as to how this regulation was obtained. Asa 
matter of fact, in my system, while watching the line voltmeter and 
total current ammeter, as well.as an ammeter in circuit with the No. 1 
Coil, I find that the ammeter in circuit with the No. 1 Coil does not 
appreciably lag in action behind the ammeter of the main circuit, and 
that though, in the event of a very heavy load being thrown on, there is 
a momentary swing on the voltmeter, the needle returns to, or approxi- 
mates to, its original position immediately, the little armature of the 
regulator motor moving with the swings of the main ammeter needle. 
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THE RECTIFICATION ОЕ ALTERNATING 
CURRENTS. 


By P. ROSLING, Member. 
(Paper read at Meeting of Section, Sanuary 18, 1906.) 


The rectification of alternating currents has been, until quite 
recently, effected by means of a rotating commutator running 
synchronously with the periodicity of the supply, and, owing to the 
variation in the lag or lead of the current wave as compared with the 
wave of electromotive force, it has been found very difficult to run 
such apparatus without destructive sparking. As, however, such 
machines are not likely to be used in the future, they have now only 
an academic interest as forming part of electrical history. 

The action of a motor generator can certainly not be called 
rectification, and even a rotary converter cannot be properly called 
a rectifier, as it has a compound effect of a rectifier and a motor-driven 
generator, the latter action being the predominant, as only for the 
instant when the commutator bar, which is directly connected to 
the slip-ring connection, is in contact with the continuous-current 
brush does the current from one side flow straight through to the 
other side ; at other times it has more or less of a motoring action, 
the resultant continuous current being due to the rotating armature 
acting partly as a continuous-current armature and partly as an 
alternating-current reactance coil. Neither the motor generator nor 
rotary converter is in the immediate future likely to be superseded 
for the conversion of large powers at comparatively low potential from 
alternating to continuous current, but for smaller powers there are 
now two systems of rectification in commercial operation, both of them 
having the supreme advantage of having no moving parts, viz. :—the 
electrolytic rectifier and the mercury arc rectifier. ° 

THE ELECTROLYTIC RECTIFIER.—This apparatus consists of plates 
of an alloy mainly composed of aluminium, acting as cathode, sus- 
pended in a solution of borate or phosphate of ammonium or other 
salt capable of rapidly altering the condition of the polarising layer 
or film formed on the passage of an alternating current, such as salts 
of tartaric, oxalic, acetic, or gallic acids ; the electrolyte may be con- 
tained in lead cells, which would then form the anode. 

When a single-phase alternating current is switched on to such 
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a combination, if the direction is positive from the lead to the 
aluminium, it passes on through the circuit ; if, however, the direction 
is positive from the aluminium to the lead, a polarising insulating film 
is immediately formed on the lead which offers a high resistance and 
opposes the passage of the current: when the polarity reverses and 
the current flows from the lead to the aluminium plate, the film under- 
goes alteration and the current passes readily ; if only one semi-phase 
is required a single cell is sufficient, giving an interrupted unidirectional 
current of as many pulsations as the periodicity of the alternating- 
current circuit. In usual practice both semi-phases are used, either 
by grouping four cells, as in the Leo Gratz method, so that they allow 
the current to pass through two cells in series, turn and turn about, 
as shown in Fig. 1, or as in the Churcher method, where one platinum 


FIG I. 


or lead plate and two aluminium plates are suspended in one cell, the 
current coming through the working circuit from the middle point of a 
reactance coil (Fig. 2). In Fig. 1 the path of the current during one 
semi-cycle is shown by the arrows ; it passes through cell V", the accu- 
mulator, and V"", the insulating film forming on V’, the aluminium to lead 
path, preventing the current short-circuiting across to the other side of 
the alternating-current circuit ; on the reversal of the polarity the cur- 
rent flows through V', the accumulator, and У”, V" now forming the 
“closed door." The current thus passes in the same direction through 
the accumulator in pulsations of twice the periodicity of the alternating- 
current circuit. Fig. з shows the rectification of the alternating current 
into a pulsating unidirectional current. Fig. 2 shows the Churcher 
arrangement; the path during one semi-cycle is shown by arrows ; 
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the current flowing from the middle point of the reactance coil 
through the accumulators and one half of the rectifier cell V ; on 
reversal of polarity the current flows through the other half of the 
reactance coil, the accumulators, and the other half of the cell V. 
In both systems the reactance coil can be arranged with multiple tap- 
pings so that the correct electromotive force for the work to be done 
can be efficiently obtained; the pressure across the direct-current 
circuit being approximately 9o per cent. of the pressure between the 
tapping and the terminal end of the reactance coil. Rectifiers of this 
description may be used on 50-1oo cycle circuits where the alternating- 
current pressure does not exceed 140-150 volts, and where the 
temperature of the electrolyte can be kept below 120? Fahr.; above 
this temperature the efficiency falls off very rapidly. In a test made 
by Mr. Horace Boot of an electrolytic rectifier arranged as in Fig. 1 
and known as the Nodon valve, 
an overall efficiency of 65 per cent. 
was obtained on apparatus charg- 
ing cells (50 amperes X 118 volts) ; 
the efficiency being the ratio of 
the alternating-current watts taken 
from the mains to the direct- 
current watts put into the cells 
as measured by recording watt- 
meters ; this result compares 
D.C. favourably with a motor gene- 
rator of similar capacity, which, 
over the whole run, would not 
give more than about 55 per cent. 
efficiency. It is usual to insert a 
resistance between an electrolytic 
rectifier and the  alternating- 
current circuit, otherwise it some- 
times happens that there is a large rush of current on first starting, 
especially if the plates have been left in the electrolyte ; this resis- 
tance can be short-circuited when the apparatus has started 
working. The loss in an electrolytic rectifier is principally leakage 
current, which does not pass through the direct current or loád circuit, 
but is expended on heating the electrolyte and is dependent upon the 
electrode potential at the film, the quality of the aluminium electrode 
and the particülar electrolyte used, and as the losses increase enormously 
if the temperature of the electrolyte exceeds 120° Fahr., it is necessary 
to provide some means, such as cooling tubes or forced ventilation, to 
keep the apparatus below that temperature. ‘In the above test there 
wás a drop of 8 volts on the cells, or 4 volts per cell, and a loss of 
22 amperes out of 72 in the four cells. Fig. 4 shows the connections 
for à 2-phase circuit. A 3-phase circuit would be similar, but with 
one pair of cells less. With two and three phases іп use, the current 
flowing through the working circuit would be pulsating, but to a much 
less degree {һап with single-phase ; Fig. 5 shows the resultant current 
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from a 2-phase circuit, the dotted lines being the two rectified 
single-phase currents in quadrature, and the hard line being the 
resultant current through the accumulators. 

THE MERCURY ARC RECTIFIER.—Gases and vapours in their normal 
state are practically insulators, but there are various ways in which 
their insulating properties may be broken down, as, for instance, raising 
them to high temperatures, also when Rontgen, Lenard, or cathode rays 
are passed through them, or, in short, when the gases or vapours are 
ionised, as in an electric arc, where a bridge of conducting vapours 
consisting of the material of the negative or cathode is continually pro- 
duced and carried over to the positive pole. An electric arc cannot 
establish itself; it must be produced either by drawing apart two 
terminals, or by an electrostatic pressure sufficient to jump across 
the gap between two terminals, or by bringing another arc flame 
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into the gap; if an arc is stopped and the cathode blast interrupted, 
as in an alternating-current circuit, the arc does not restart unless 
the electrostatic voltage is higher than the striking voltage, at arc 
temperature, between the electrodes. With mercury vapour the 
difference between the electrostatic pressure required to start the 
arc and the E.M.F. required to keep an arc flowing is very great, 
this being due to the low temperature of the arc; that is, the 
resistance of mercury vapour in the normal state is very high, but, 
in the presence of cathode rays, it is so low that the vapour becomes 
a good conductor, requiring only a few volts to sustain an arc. When 
a mercury electrode is üsed as a cathode, ionised mercury vapour 
is thrown off ; thus, in an ordinary mercury vapour агс lamp, the 
negative terminal is mercury, the other terminal being any suitable 
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material, as graphite, and, when this lamp is connected on a continuous- 
current circuit and the arc is once started, it continues to exist until 
the pressure is switched off, or falls too low to overcome the resistance 
and back electromotive force of the arc. If the polarity is reversed 
and the graphite terminal is negative, it would require an extremely 
high potential to maintain an arc after it was started. If, therefore, 
it were possible to start an arc in a mercury arc lamp at every change 
of polarity on an alternating-current circuit of under 25,000 volts 
pressure, current would only flow when the mercury terminal was 
negative, and there would be a pulsating unidirectional current flowing 
through the lamp. 

This action is taken advantage of in the mercury arc rectifier, 
which, for a single-phase circuit, is an exhausted glass vessel containing 
two anodes, one cathode, and one starting anode. The two anodes are 
connected across the terminals of the alternating-current line and 
become alternately positive and negative. While either anode is 
positive there is an arc carrying the current between it and the cathode. 
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When the.polarity reverses the arc passes from the other anode to the 
cathode, so that, during a complete cycle, the cathode is negative and 
the current at this point is unidirectional, and both semi-cycles of the 
alternating current are used. The cathode of the rectifier is connected 
to the load or working circuit, the other pole of which is connected to 
the middle point of a reactance coil, which is connected across the 
alternating-current circuit (see Fig. 8). Without some means of con- 
tinuing the arc, or establishing it at every reversal of polarity, the 
rectifier would not work, as the arc would stop at every reversal of the 
alternating current; although the current is at zero for an infinitesi- 
mally short time, yet this interval, even on high periodicity circuits, is 
sufficient for the cathode to lose its excitation and the arc to go out. 
A reactance coil is therefore so arranged that the current is held over 
the zero value anti the pulsations are smoothed out, the current at the 
cathode becoming not only unidirectional but a true direct current 
with pulsations of small amplitude. Fig.6 shows the relations of simul- 
taneous values of currents in the two anodes, and Fig. 7 shows the 
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resultant continuous current at the cathode, compared to the impressed 
E.M.F. The action of the reactance can be seen from Fig. 6 ; the wave 
is no longer a sine wave, the reactance coil having sustained the 
current at a higher value, and the current waves in each anode overlap 
by an angle of approximately 20 deg., thus eliminating the zero points 
previously mentioned. The initial ionisation of the mercury vapour 
is accomplished by a small starting anode C, Fig. 8, which is brought 
into contact with the cathode by a mercury bridge formed by 
slightly shaking the tube. The breaking of this mercury bridge 
starts a small initial arc, and the arc thus obtained excites the 
cathode, giving the necessary ionised vapour, which enables the 
working anodes to immediately become active and the tube 
to start. Fig. 8 shows the connections of a rectifier diagramma- 
tically, the plain arrows marking the path of the current at any 
moment, and the arrows in circles 
showing the path on the reversal of 
polarity. It will be seen that the circuit 
from the alternating.current terminal 
is composed of a rectifier arc, the load, 
and one of the reactance coils; the 
other coil is at the same time dis- 
charging energy stored up during the 
previous half wave, when it was in the . 
line circuit. Assuming an instant when 
H of the supply transformers is positive, 
the anode А is then positive and the 
arc is free to flow between A and B, B 
being the mercury cathode. Following 
the direction of the arrows still further, 
the current passes through the load J, 
through the reactance coil E, and back 
to the transformer. А little later, as 
the impressed E.M.F. falls to the limit- 
ing value sufficient to maintain the arc 
against the counter E.M.F. of the arc 
and load, the reactance E, which till 
now has been charging, now discharges, the current flow being in 
the same direction as formerly, serving to maintain the arc in the 
rectifier until the E.M.F. of the supply has passed through zero, 
reverses and builds up to such a value as to cause A’ to have a suff- 
ciently positive value to start an arc between it and the cathode B ; 
the reactance coil E continues to discharge, but through the arc 
A'B. Consequently, the arc A'B is now supplied with current partly 
from the transformer and partly from the reactance coil E. The 
charge and discharge voltage of one rcactance coil is clearly shown 
in Fig. 9, showing approximately constant discharge value in its 
relation to impressed E.M.F., and the voltage across the arc AB 
or A'B is given in Fig. 1o, showing a drop of 14 volts while the 
arc exists, in its relation to impressed E.M.F. The measurement of 
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the two halves of the cycle shown in Fig. то indicates the length 
of time the arc holds over the zero point. 

It will be seen that while both arcs are flowing from anodes A and 
A' there can be no potential difference between the anodes, but as 
the electromotive force of the transformer secondary, or the supply 
mains, must more or less follow the primary electromotive force wave, 
the difference must be taken up by the reactance, so that while both 
arcs flow in the rectifier, the reactance ,consumes tlre electromotive 
force of the transformer secondary at the start of the current flow, 
and produces voltage near the end of the current flow of each half 
wave; between these times the reactance coil has practically no effect. 
The amount of reactance inserted in the circuit when the above 
curves were taken reduces the pulsations of the direct current 
sufficiently for all ordinary commercial purposes, but when it is 
advisable to still further reduce the amplitude of the pulsations, 
more reactance can be used, with a very slight reduction in the 
efficiency ; with a suitable reactance the pulsations can be so reduced 


FIG. 9. FIG. ТО. 


that the rectifier can be used floating on a battery, for telephone 
work, giving no appreciable hum. It is eviderit that the reactance 
must be designed to suit the nature of the load, as with a pure 
resistance load it is only necessary to have sufficient to keep current 
flowing when the alternating potential falls below 14 volts, the 
voltage required for the mercury arc, whereas, when charging 
accumulators, sufficient reactance is required to keep the arc when 
the alternating current drops below the back electromotive force of 
the cells, plus the r4 volts for the arc, and, as the alternating- 
current voltage should not be much higher than the cell voltage, 
the reactance coil has to keep the current flowing through quite a 
considerable proportion of the cycle. Mercury arc rectifiers can 
be used on any practical voltage ; the maximum voltage is at present 
unknown, as with a rectifier of proper design апа vacuum a high- 
frequency oscillator giving an 8-in. spark between r.in, spheres does not 
send a discharge through from anode to anode; small currents at 
36,000 volts impressed upon the rectifier terminals have been rectified 
successfully, and a rectifier tube with 24,300 volts at its anodes and 


` 


1906.] ALTERNATING CURRENTS. 681 


6°25 amperes at 9,500 volts continuous current at the cathode, has 
been successfully used on a water resistance ; that is, a load of about 
бо k.w. has been rectified in a tube weighing a few pounds. 

A high-tension rectifier is now in general use in Schenectady, 
supplying 57 series arc lamps, giving 4 amperes at 4,260 volts continu- 
ous current, having an overall efficiency of over go per cent., including 
losses in the alternating constant-current transformer, in the re- 
actance coils used to carry the arc over from one semi-phase to the 
next, and in special reactance coils in the continuous-current circuit 
used to reduce the pulsations of the current, the loss in the rectifier 
itself being about o'4 per cent. For ordinary commercial work off 
supply mains the rectifier can be designed for any standard pres- 
sure or frequency, the maximum continuous-current pressure being 
approximately half the alternating-current voltage, and the con- 
tinuous current nearly double the alternating current, the ratios 
being varied by means of suitable tappings from the reactance coil. 
As the loss in the arc is constant, the efficiency, of course, varies 
with the direct-current pressure delivered ; thus, on a test of a 30-am- 
pere set giving 80 volts on the continuous-current side and working 
on a 220-volt alternating circuit, the overall efficiency was 75 per 
cent., but with 112 volts on the direct-current side the efficiency was 
over 80 per cent. This efficiency holds good down to quarter load ; 
the power factor of such a set being practically go per cent. 

To charge a battery so that the maximum battery efficiency can be 
obtained, comparing the watt input and output, it is necessary to 
reduce the rate of charge as the operation proceeds, so that with 
a motor generator starting at 30 amperes and an overall efficiency 
of about 65 per cent., the motor-generator efficiency falls off as 
the charge continues until it approaches the neighbourhood of 30 
рег cent, giving an average cfficiency throughout the whole charge 
of,’ say, 55 рег cent. Comparing the cost of running a mercury arc 
rectifier on cells taking 15 units in a five hours’ charge at about 
IIO volts with the running cost of a motor generator, the saving 
would be approximately 84 units, or, at 2d. a unit, 15. 5d. per charge, 
and, as there is no part of the apparatus likely to wear out, other than 
the tube itself, there is nothing to set off against this saving, and 
should the tubes last, say, 1,000 hours (and some have been tested 
to 1,500 and 2,000 hours), the saving in current during the life of 
the tube would amount to £10 3s. 4d., or 30 per cent. of the current 
bill for the motor-generator set for the same work. Comparing it 
with an electrolytic rectifier of 65 per cent. efficiency, the saving 
on 200 charges of five hours each would be £7 15. 8d., at 2d. per unit. 
For charging cells the mercury arc rectifier has a certain inherent 
regulation similar to a shunt-wound dynamo, the voltage at the 
cathode rising as the current falls, thus tending to compensate for 
the increase of the counter E.M.F. of the battery, so that the regulat- 
ing switch need not be moved very frequently during the charge ; the 
regulating switch being connected to the reactance coils, the effi- 
ciency of the apparatus is practically constant throughout the charge, 
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Three-phase current may be rectified into continuous current by 
means of tubes having three anddes, the load being connected 
between the cathode and the neutral point of а 3-phase star- 
connected reactance coil, and as with a 3-phase current there is 
no zero point, the continuous current has less pronounced pulsations, 
with the same amount of reactance, than with the single-phase 
system, as shown above with the electrolytic rectifier. 

In concluding, I must express my regrets that I have not been able 
to put forward anything original on this subject, but trust that the 
information collected from various papers and periodicals—and 
especially from Mr. Wagoners and Mr. Steinmetz's papers on 
mercury arc rectifiers, to whom I offer my sincere thanks—may 
prove sufficiently interesting as an introduction to what promises to be 
a new field in electrical work, as further developments both in class 
and capacity may be looked for in the future. 


DISCUSSION. 


Mr. Mr. С. WILKINSON: The author gives two methods whereby the 
Wilkinson. rectification can take place by static apparatus. The first is the 
electrolytic rectifer. It was my fortune to get one of the first of 
these of a large size, that came to England from Paris, about three 
years ago. In order to give it a fair trial I thought that the best work 
it could be set to do was to supply current to a motor driving stoker 
shafting. This shafting was running twenty-four hours per day, for 
six days per week, and I thought that if it could supply direct current 
for this purpose we could trust it with any work. We procured a 
6-H.P. motor and set it to work. It went for two or three days and 
then something went wrong inside, which the manufacturers put down 
to faulty electrolyte. This was renewed and the machine restarted. 
It worked for a day or two, when some trouble again ensued ; this 
time they said it was due to the electrodes. New ones were put 
in and then the insulation failed and had to be renewed. After that 
it would run for twenty minutes or half an hour, and then stop, when 
we had to start the stoker steam engine. Every opportunity was 
given for putting the thing in order, but eventually the agents 
requested that the apparatus should be sent back. This was a 
rectifier of French design, and it was kept cool by an electric fan 
placed beneath the rectifier. I have not had any experience with the 
machine now on the market, and I do not know what improvements 
have been effected during the interval. I understand, however, that 
some progress has been made in the direction of making them more 
reliable. The efficiency obtained from the apparatus I referred to was 
about 60 per cent. With regard to the mercury arc rectifier, it is 
not an easy thing to say very much, or to criticise in detail an 
apparatus which one has the pleasure of seeing only in a photograph. 
I have had a considerable amount of experience in making mercury 
vapour lamps of various kinds, and I have been troubled by losing 
the vacuum. After running the early lamps for a short time the 
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vacuum was lost, viz.,in lamps taking a current of half an ampere. 
After a considerable time I found that it was necessary to seal two or 
three platinum wires of small diameter in the glass rather than one 
larger one, in order that the good vacuum necessary might be success- 
fully maintained. This points to a practical difficulty in these rectifiers 
when designed for heavy currents. On page 5 the author cites а case 
where one of these rectifiers is supplying 57 series arc lamps, but it is 
only furnishing the small current of 4 amperes at 4,260 volts. I think 
that an apparatus giving that output would be very little use in many 
of our supply stations. If the current was доо amperes at тоо volts, 
or something like that, the apparatus would be more useful. In the 
third paragraph on page 6, the author mentions one of these rectifiers 
giving 80 volts and зо amperes on the continuous current side. I think 
this is a step in the right direction, and that it will be a very useful 
apparatus for charging automobiles, but I am of opinion that what 
is really wanted is one giving 200 or 300 amperes at 200 to 300 volts, 
which could be used for charging batteries on a large scale. I 
would like some information as to the method of sealing the wires 
into the glass and making the vacuum reliable for heavy currents. 
The efficiency is exceedingly good, and I think it surpasses that of 
motor generators, at any rate as regards the smaller sizes. I do 
not notice anything about the cost of the apparatus or where it can 
be obtained. I would like to know what is the lowest periodicity 
at which they will work. From the illustration of the rectifier it 
appears that the apparatus is designed for a fair amount of current, 
because the extension at the top (the upper chamber) is large com- 
pared with the body of the rectifier, and, inasmuch as with a 
heavy current you want a big condensing chamber, I infer that 
the apparatus will take a heavy current. It would also be interest- 
ing to know the maximum amount of current put through and 
taken from this class of rectifier. Also whether there is any possibility 
of reversing the operation and taking out an alternating current, when 
a direct continuous current is supplied on the direct-current side. 

Mr. Т. Н. CHurton : How does the mercury rectifier or Nodon 
valve compare with the motor generator in prime cost and in working 
cost, including the cost of renewals and repairs? I think the author 
hardly gives the motor generator the credit it deserves. A test was 
made оп a small set for charging accumulatcrs for ignition work on 
motor cars. It was only a half-kilowatt set and the overall efficiency was 
69:5. The author says that in order to get the greatest efficiency from 
an accumulator, it is necessary to reduce the charging current as the 
charging proceeds. I do not think that this is usually done in 
charging small accumulators, but that the current is maintained until 
the end of the charge, in which case the high efficiency of the 
motor generator is maintained. With a motor generator of 
large size it is quite easy to get an efficiency of go per cent. in 
the generator, and go per cent. in the motor, which gives 81 per 
cent. for the combination, and is higher than what would probably 
be obtained by the mercury rectiher for ordinary voltages. Оп 
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page 5 it is stated that the high-tension rectifier which is supplying 
57 series arc lamps has an efficiency of over оо per cent. This appears 
to be higher than the efficiencies previously mentioned, and I would 
like to know how this efficiency was obtained. ' On one occasion I 
noticed a rectifier at an exhibition which appeared to be an induction 
motor provided with a commutator and a number of rotating brushes. 
I cannot give a definite description of the apparatus, and I have not 
seen it at work, but the author may perhaps be able to give an 
explanation of it. 

Mr. G. D. ASPINALL PARR: In recent years I have had two rectifiers 
through my hands, one of which is on the table, and is of the rotary 
type. A test of this machine was made recently. If the brushes are 
adjusted properly it will run practically without sparking, and will run 
for hours without the slightest attention, the motor also not sparking 
and having a very considerable torque. The other type of rectifier, 
which I had the privilege of testing a short time ago, is of a type in 
which there is a contact breaker something like an ordinary induction 
coil. The efficiency of this apparatus very much surprised me, being 
very low. The machine worked very satisfactorily so far as sparking 
was concerned. | 

In the rectifiers described by the author there is the distinct 
advantage thaf there are no moving parts, as very often the noise and 
buzz of a rectifier might be a serious disadvantage to the use of such 
an appliance. If one could get an inert appliance, for instance, with 
non-moving parts like a static transformer, which would convert 
alternating to direct current, there is no doubt that there would be a 
large future before it, providing it could be obtained at a reasonable 
price, and had à good efficiency and power factor. 

Mr. А. B. MOUNTAIN (Chairman) : I am of opinion that in working 
crane motors, and particularly street lighting, it would be exceedingly 
useful if we could get a rectifier to convert alternating into direct 
current. I have been experimenting with mercury vapour lamps and 
I have obtained some wonderful figures. There is no question in my 
mind that, for street lighting, they will be largely adopted. With 
reference to the mercury vapour in this type of lamp, I would like to 
know whether Mr. Rosling can guarantee that no one would be 
seriously in danger of poisoning should one of these lamps break. 

Mr. Р. Ковілхс (in reply): Referring to Mr. Wilkinson's remarks, 
I think the stoker shafting running twenty-four hours а day is a very 
good test for any apparatus; the chief difficulty with electrolytic 
rectifiers has been that they are only serviceable for short runs, and it 
they are allowed to get hot the potential resistance of the anode 
disappears. l'understand that the electrolytic rectifier now on the 
market is guaranteed for ordinary commercial purposes. Referring 
to the mercury rectifier, there is no trouble now in keeping the vacuum, 
but, owing to other circumstances, one of which is the temperature 
of the anodes, rectifiers for an output of more than 30 amperes are 
not yet on the market. The 30-ampere size would cost about £50 
the 20-ampere size about £45, and the 10-ampere size about £38 
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As to the reverse operation of the rectifier acting as a converter, М% Rosling. 
such a device has been developed. A tube has four terminals as 
anodes and one terminal as cathode placed centrally as regards the 
four anodes ; the diametrically opposite anodes gre connected to the 
terminals of one primary and the other anades, also opposite to one 
another and at оо deg. to the first pair, to the terminals of the other 
primary of a 2-phase transformer; the middle points of the two 
primaries are connected together and to the positive terminal of a 
direct-current source of energy ; the cathode is connected through a 
reactance coil to the negative terminal of the supply, Directly an 
arc is established between the cathode and ong of the anodes it 
immediately jumps to a neighbouring anode,and so on round the 
tube, with a rapidity depending to a considerable extent upon the size , 
of the anodes and their distance from the cathode. Аз an arc is 
established, current flows through one half of one of the primaries ; an 
alternating magnetomotive force is thus produced by each primary 
winding, which generates in the corresponding secondary an alternating 
electromotive force; thus one revolution of the arc makes two com- 
plete cycles in each secondary, and as the anodes are at 9o deg. with 
one another, a regular 2-phase current is obtained from the two secon- 
daries. The shifting of the arc from one anode to its neighbour seems 
to be due to the heat generated by the arc causing the resistance to 
rise until a point is reached when less resistance to current flow exists 
between the adjacent anode and the cathode; as this alteration of 
resistance would cause pulsation in the continuous-current circuit, 
a reactance coil is used as a storing and restoring agent, rendering 
the flow of power in the direct-current circuit more steady. Any other 
number of phases may be obtained by a suitable combination of anodes 
and transformers. 

Although, as remarked by one speaker, there has not been much 
improvement in the ordinary single-phase motor in recent years, yet 
the single-phase motor with commutator has been developed, and 
even the ordinary induction type motors of to-day are very much 
superior, mechanically and commercially, to what they were when they 
were first put on the market. 

It is merely a commercial question as to whether a rectifier is 
better than a motor generator ; but besides the prime cost (the figures 
given include the necessary switchboard and instruments) the running 
cost is less, and the rectifier, in the matter of convenience generally, 
is far superior to the motor generator. The efficiency of the arc-light 
generator is quite correct, and the figure includes the losses in the 
constant-current transformer; the efficiency of the rectifier tube 
itself is 906 per cent., the only loss being the 14 volts drop across 
the arc. The overall efficiency of the 4-k.w motor generator, stated to 
be 69 per cent., is remarkable, as it means that the loss in the motor 
and generator is only about 73 watts each; usually the mechanical 
losses of friction and windage would account for nearly that amount 
of power. 'There has been no trouble with disintegration of the 
graphite anode in the mercury arc rectifier. 

VoL. 86. 42 


Мт. Rosling. 


686 ROSLING: ALTERNATING CURRENTS. [Leeds, 


The rectifier exhibited by Mr. Parr is very interesting, but it has 
the disadvantage of being a machine with revolving parts, and one can 


easily imagine that, with a little inattention or carelessness, it would 


spark badly, and if it were allowed to run, when sparking, with any- 
thing approaching a good load, it would quickly burn out, as, being so 
small, there is very little radiating surface. The second rectifier he 
mentioned is more interesting scientifically than commercially, as, 
with the power factor and efficiency curves shown, it is not likely to 
help the station engineer at all with consumers. 

Mr. Mountain's information on his experience in mill lighting with 
mercury arc lamps is most valuable, but, although you can tell different 
colours by it, yet you are liable to be misled when trying to choose tints 
of the same colour, at least for some colours. There should not be any 
danger of poisoning from the breakage of a mercury arc apparatus, as 
the vapour would immediately condense to minute particles of liquid 
mercury, and the amount that could be breathed in an ordinary room 
would be infinitesimal. Very small quantities of mercury are not 
considered by the medical faculty to be injurious to the system. 
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SINGLE-PHASE RAILWAY MOTORS AND 
METHODS OF CONTROLLING THEM. 


By T. Н. SCHOEPF, Member. 
(Paper rcad February 27, 1906.) 


Many papers have been read before the various technical societies, - 
and articles have appeared in the technical press, on the subject of 
single-phase motors, treating of design, performance, and methods of 
controlling them, but it is intended in this paper to treat more parti- 
cularly of a system with which the writer has had considerable expe- 
rience during the early stage of its development and later application 
to commercial extent in clectrification of railways, where it has proven 
successful, and it is hoped the paper will prove of interest and the 
information be of benefit to all engineers, and especially those asso- 
ciated with railway work. 


MOTORS. 


At the present time two types of single-phase commutator motor, 
having characteristics suited for railway requirements, have been 
developed and successfully manufactured on a commercial scale, viz., 
the plain series motor, having the magnetising coils on the field, and 
the series motor in which the exciting current is obtained from the 
armature by means of extra brushes placed midway between the main 
brushes. 

The plain series motor has becn referred to, in general, as the series 
motor, and the series motor with the excitation obtained from the 
armature as the repulsion motor; and, in order to avoid confusion, this 
nomenclature will be adhered to in this paper. 

Both types of motor were designed and built in America, and after 
prolonged tests and careful study the series motor was adopted as 
giving better results and having characteristics more suited for general 
traction ‘purposes. On the Continent, where the railway conditions 
differ from those in America, both types of motor are equally successful, 
judging by the contracts exccuted and in hand by the advocates of 
each type. 

In the series motor a winding is distributed over the face of the 
poles, the flux from which neutralises the flux set up within the arma- 
ture and thus annuls the induced voltage which would otherwise exist 
between the armature coils when passing the plane of commutation. 
The relation between the active fluxes may be seen, in convention, by 
referring to Fig. 1. 
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In Fig. 1 it may be noticed that the neutralising winding is in series 
with the armature and field windings, and may be considered as part 
and parcel of the armature winding, since the flow of current in the 
two must always bear a definite relation to each other, no matter which 
direction the armature may rotate. This arrangement of the windings 
is called forced neutralisation in contradistinction to induced neutrali- 
sation as shown in Fig. 2. 

The relation between the armature and neutralising windings 
depends upon the pole pitch and number of armature slots. 

The armature of a series motor is little different in appearance to 
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Fic. 1.—Single-phase Series Motor with Forced Neutralising Winding and showing 
Normal Distribution of Magnetic Fluxes. 


that for a continuous-current motor, The winding is provided with 
high resistance leads connected between the coils and the com- 
mutator segments in such а manner as to come into action only 
when any coil is passing the commutating plane. 

The series motor is wound for 250 volts across the terminals, which 
has the advantages of high insulation and less liability of breakdown. 
This will appeal to those wha have had the responsibilities of the 
operation of tramway and railway motors at боо volts or eyen higher 
voltages. | 

The trolley voltage is lowered to that required at the motor by ап 
auto-transformer mounted upon the car, which permits of great flexi- 
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bility in adapting the system to the diverse conditions met with in 
genetal traction schemes. This system тау be applied to any scheme 
and any trolley voltage (within practicable limits) by simply winding 
and insulating the auto-transformer according to requirements. 

As an instance of the practicable application of stich flexibility, 
we may consider the equipments supplied to the Indiahapolis and 
Cincinnati Traction Company. These equipments operate in the town 
of Rushville, where the trolley voltage is not permitted to exceed 
550 volts alternating current, and on the long section between Rush- 
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Fic. 2.—Single-phase Series Motor with Induced Neutralising Winding and showing 
Normal Distribution of Magnetic Fluxes. 


ville and Indianapolis, where the railway is built upon private right of 
way, the trolley voltage is 3,300 volts alternating current; in the city 
of Indianapolis they operate on the existing tram lines at 550 volts 
continuous current. When passing from one section to another the 
re-grouping of transformer connections to give the desired voltage on 
the motors is effected, while the train is ruhning at top speed, by a 
change-over switch. The change-over switch is under the control of 
the driver, operated by manipulating the master controller. The writer 
has seen this change-over effected at a speed of 50 miles per hour. 
Another instance is a locomotive eqüipment supplied to the Swedish 
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State Railways for working a suburban service where the connectors 
from the auto-transformer are arranged for trolley pressure ranging 
from 3,000 to 20,000 volts. 

The repulsion motor may have its field winding grouped for about 
6,600, which is the practical limit of safe voltage on a traction motor. 
However, a given. motor must have its field winding adapted to one 
voltage ; and, if desired to operate the same equipment on any trolley 
voltage differing from this, a transformer is required for lowering or 


raising the voltage 


to the field winding. Under any circumstances 


а transformer is required to lower the voltage to that required for the 


armature. 


Concerning the relative power factors of these motors, it will be 
found that, in general, engineers compare this characteristic at syn- 
chronous speed ; whereas consideration should be given to the relation 
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Motor, Slow Speed. 


between full load, synchronous, and free running speeds, as this 
relation is the basis on which to draw logical conclusions. 

The capacity of the single-phase motor to accelerate a train has 
been freely discussed, but there still seems to be doubt in the minds of 
some as to the starting torque which this motor will develop. Follow- 
ing is the result of a test which the writer made on a series motor with 
normal full load torque of 680 Ibs. :— 

The motor was fitted with a Prony brake, and when supplied with 
power at 173 volts across the motor terminals the armature developed 
a torque of 850 lbs., which is 25 per cent. above the normal full 
load torque, this limit rarely being approached in actual practice on 
electric railways. It may be of interest to know that the test was 
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carried further, and a torque of about 1,000 lbs. noted, but the 
scales were so sensitive that these readings could not be obtained 
accurately. 

The capacity of the single-phase motor to fill the varying conditions 
to be met with on main line railways has been discussed at length, and 
a few remarks on this may be of interest. In the earlier single-phase 
motors the armature speeds were rather high, the normal full load 
armature speed of a 150-H.P. series motor being 930 r.p.m. (see Fig. 3), 
which made it more suited for long runs with few stops and speeds of 
60 miles an hour. These are the characteristics of the motor with 
which the locomotive was equipped and referred to before as supplied 
to Swedish State Railways. 

For suburban work with frequent stops and short runs, demanding 
a high rate of acceleration and high schedule speeds, but not high free 
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Fic. 6.—Characteristic Curves of a Westinghouse 250-H.P. Single-phase 


running speeds, a 150-H.P. series motor has been developed with the 
normal full load armature speed of 535 r.p.m., the characteristic curves 
of which may be seen in Fig. 4. 
For goods working a motor is required developing very great torque 


with high power factors and efficiencies at low speeds. 


teristic curves of such a motor are shown in Fig. 5. 
tioned that the continuous capacity of this motor is 140-H.P., which you 
will find, by reference to the curves, corresponds with 600 amperes at 


The charac- 


It may be men- 
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the full pressure of 230 volts alternating current and a power factor of 
go per cent. 

The characteristic curves of a 250-H.P. motor developed for the 
same class of service are shown in Fig. 6, and you may be interested to 
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know that the large locomotive, the operation of which was demon- 
strated to the International Railway Congress last May (16, 1905) was 
equipped with six (6) of these motors. 
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vides a uniformly increasing voltage without interruption to the 
supply. 

At starting the voltage of the regulator is directly opposed to that 
of thc auto-transformer. (See Fig. 7.) 

The secondary is rotated at a predetermined rate through an arc of 
180 degrees. The opposing voltage gradually becomes less until at 
90 degrees it is nil. (Sec Fig. 8.) 

When rotated through the second quadrant the regulator voltage is 
gradually increased and added to that of the auto-transformer until a 
position is reached diamctrically opposed to that at starting, when full 
voltage is applied to the motors. "This is the running position. 

There are, however, objectionable features in the induction regu- 
lator. Itintroduces an additional reactance in the circuit, and therefore 
materially lowers the power factor of the system. During the period 
of acceleration, when the secondary is being rotated, the regulator 
vibrates and “hums” loudly, and the torque varies so that it is difficult 
to maintain uniform rotation. 

The simplicity of the controlling apparatus for single-phase motors 
used on trains, having in their make-up more than one motor coach, is 
a subject which seems to occasion confusion in the minds of many who 
are not closely in touch with the operation of this apparatus. 

The grouping of apparatus and electrical connections for a motor 
coach equipped with four (4) 100- H.P. series motors and arranged for 
multiple unit control is shown in Fig. 7; in this diagram it may be 
seen that any number of similar motor coach equipments may be con- 
trolled by the manipulation of a single master controller situated at any 
point in the train and electrically connected to the multiple control 
train linc. 

In this system of control the current is interrupted in the low- 
tension circuit, and a fuse only is necessary in the high-tension circuit, 
this being placed as near as possible to the current collector. 

The power necessary for the auxiliary multiple control circuits is 
supplied at a pressure of 50 volts and obtained from a tap at the low- 
tension side of the auto-transformer. This power, through the manipu- 
lation of the master controller, is utilised to energise the operating 
magnets. The movement of the operating magnet armatures actuates 
the needle valves which regulate the admission and exhaust of the 
compressed air which works the unit switches. 

It will be seen (by reference to Fig. 7) that there are six unit 
switches all contained in one case, but arranged in two groups of three 
switches each. The moving arms of the switches, in alphabetical pro- 
gression, are connected to the taps from the auto-transformer, through 
the range of 160 volts, 180 volts, 200 volts, 220 volts, 240 volts, and 280 
volts. The stationary contacts of the switches in each group of three 
are connected to a common omnibus line; these two omnibus lines are 
connected to the opposite ends of a preventive coil, the middle point of 
which is connected with the reverser and thence with the motors. 

The preventive coil is proportioned so that, with different voltages 
applied to the ends, the mean is applied to the motors. 
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Grouping of the switches and the motor voltages for each position 
of the master controller is given in Fig. 8. 

A series transformer is inserted in the high-tension circuit, and its 
secondary is connected to the operating coil of an overload relay. The 
relay interrupts the circuits of the operating magnets when the current 
passing through the primary of the series transformer exceeds a pre- 
determined value. The relay is provided with a holding coil, which 
prevents the switches being closed, once they have opened an overload, 
until the master controller is returned to the neutral or “ off" position. 


2 POSITION O"Pos/T/ON  ^4"Pos/T/ON S“POSITION 


F1G. 10.—Diagram showing relative Electrical Connections between Auto Transformer and Preventive Coil 
and Voltages applied to Motors for the several Positions of Master Controller. 
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Company. Equipment consisting of two 50-H.P. Motors and Hand Controllers 


The operating magnets for actuating the needle valves are provided 
with laminated cores, since they are energised by alternating current. 

The unit switches have to interrupt the motor currents when it is 
necessary to shut off power from the motors, and they are provided 
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with powerful magnetic blow-out, since these currents are large. The 
core of the magnetic circuit is built up of laminations. 

Special attention may be called to the magnet which is marked 
“Magnet for Brake Valve." This is so interconnected with the master 
controller and driver's brake valve that the power will be shut off from 
the motors and the brake applied throughout the train should the driver 
remove his hand from the master controller for any reason. Both of 
these actions are effected simultaneously. 
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For tramcar equipments it is neceşsary that the controllers be 
operated by hand. Such controllers have been developed for operating 
series motors, and the diagram of the electrical connections is shown 
in Fig. 9. This controller is of the rotating drum type, having 
stationary fingers, and a little different from an ordinary tramcar 
controller for continuous current. 

In order to prevent sparking and oe of the controller contacts 

Vor. 86. 


Ш 


Етс. 13.—Diagram showing Distribution of Current with Controller in Transition from Second to Third Position. 


Mr. Pearce. 


Mr. Cramp. 
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a preventive coil and preventive resistance are used ; the relation be- 
tween the various pieces of apparatus for any notch of the controller 
may be seen in Fig. 1o. 

When the controller drum is rotated from one notch to the next, one 
leg of the circuit is interrupted. In Fig. 11 this transition is shown, and 
it may be noted that only a small current passes through the preventive 
coil; the main volume of current for the motor passes through the 
preventive resistance. 

When the controller is on the last notch, or full running position, 
the preventive resistance is disconnected from the circuit. 


DISCUSSION. 


Mr. S. L. PEARCE (Chairman) : I would be very glad if Mr. Schoepf 
would enlarge on the points of difference between the straight series 
single-phase motors and repulsion motors for the main line working and 
their relative advantages and disadvantages. The fact that the engineers 
of both the General Electric Company of America and the Westing- 
house Company favour the former for railway work is rather 
noticeable as against the Continental firms' advocacy of the latter. It 
would be interesting to the meeting to know of any of the technical 
considerations which induced the engineers for the London, 
Brighton & South Coast Railway to adopt the Winter-Eichberg system 
of single-phase motors. 

Mr. W. CRAMP : To those who, like myself, have had the oppor- 
tunity of seeing the single-phase locomotive at Old Trafford, the paper 
is especially interesting. For in this equipment one is struck by the 
perfect control, all operated from a tiny box on the dashboard, not one 
quarter the size of the ordinary tramcar controller. The beautiful way 
in which the electro-pneumatic switches close in proper order, and the 
absolutely perfect commutation under most trying conditions, are 
points which appeal to any one acquainted with traction problems. 
While we are all much indebted to Mr. Schoepf for his paper upon 
this ingenious series-motor equipment, I think the author is not quite 
fair to other types of single-phase commutator motor. I classify the 
various types of single-phase commutator motors as follows: 
(A) 1. Plain series. 2. Neutralised series (Westinghouse, Finzi, &c.) 
3. Compensated series (Eichberg). (B) 1. Plain repulsion. 2. Neutra- 
lised repulsion. 3. Compensated repulsion (Latour). In this classifi- 
cation “(В) 1” is the original repulsion motor consisting of laminated 
alternating-current field with direct-current type armature and com- 
mutator, the brushes being short-circuited and set at an angle to the 
main field. Thus the excitation is not provided by the armature. The 
motor *(B) 2” can fairly lay claim to the advantages of both series 
and repulsion type. Now in comparing these various motors we have 
to consider six points—viz. :: (1) Torque, (2) efficiency, (3) power factor, 
(4) starting conditions, (5) commutation, and (6) frequency. Taking 
these points in order, all the motors have the same torque character- 
istics, and in respect to torque per ampere they are about equal. With 


regard to efficiency, the compensated and neutralised motors are 
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usually slightly less efficient than other forms by the loss in their extra 
windings. The power factor of the repulsion motor is not quite so 
good as that of the straight series motor, but, of course, compensated 
motors are the best in this respect. At starting, the repulsion motor is 
quite as good as its rival, possessing excellent torque and accelerating 
smoothly and well ; but it is in commutation that the series motor scores, 
as salient poles can be used, while a small air-gap and a resultant 
practically rotating field are essential for the repulsion motor. Lastly, 
for different frequencies the repulsion motor is far better, since for 
anything like reasonable efficiency at full load the series motor has to 
run well above synchronism, while the repulsion motor only runs at 
about three-quarters synchronous speed. Thus repulsion motors can 
be built for frequencies of 40 (J per second, in which case series 
motors are almost out of the question. "This is of special importance 
in England, where we may wish to use alternate-current commutator 


Fic. А. 


motors in connection with ordinary lighting circuits. Coming now to 
the matter of control, almost any system suitable for one type of motor 
is suitable for the others; but we have a choice of systems with 
repulsion motors that does not exist with series machines. For we 
may effect the control by rotor resistances, as is done in the Schüler 
motor and the ordinary induction motor. It is this which enables us 
to put a high voltage on the stator and get rid of the bulky trans- 
former. I do not understand Mr. Schoepf's statement that a given 
repulsion motor must have its field winding adapted to one voltage. 
What is the objection to grouping a multipolar field in series or 
parallel for different pressures? I should like to call attention to the 
use of the “ preventive coil," which seems to fulfil the same function as 
the resistance coil in the ordinary accumulator switch. 

Mr. E. W. CowaN : Eight years ago Mr. Atkinson and I carried out 
experiments on similar problems. We could not get over the excessive 
sparking, although we obtained variable speed and variable torque. 

Mr. H. E. O'BRIEN : Does the author use air-cooled transformers ? 
I think the man who is responsible for the repair and maintenance of 
repulsion motors arranged as Mr. Cramp suggests, with tappings on 
the 6,000-volt stator winding, would be likely to go stark, staring mad. 


Mr. Cramp. 


Mr. Cowan. 


Mr. O'Brien. 


Mr. Cramp. 


Mr. 
Schoepf. 
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Mr. CRAMP : My proposed arrangement is shown diagrammatically 
for a 2-pole motor in Fig. A. The high-tension mains are connected 


‘to the coil E, which excites not only the field FF, but also the 


secondary coil B in series with the usual armature and neutralising 
cols NN. It seems to me that by this arrangement excellent 
commutation can be secured with a good series characteristic, while a 
high-tension stator winding E is possible without any fear of the 
attendant being driven stark mad. 

Mr. SCHOEPF (in reply): I think Mr. Pearce has been misinformed 
in stating that the Continental firms advocate the repulsion motor, as I 
have been able to find only one, all of the others advocate series motors ; 
some of which have modified windings. 

I know оЁ по technical considerations which induced the engineers 
for the L.B. & S.C. Railway to adopt the Winter-Eichberg system of 
single-phase train equipments, and think the railway officials are the 
only ones informed as to their reasons for this decision. 

In reply to Mr. Cramp, I wish to say that his classification is not 
correct, as there is no fundamental difference between neutralised and 
compensated motors; the only difference is in the choice of a com- 
mercial name, In my opinion the word “neutralised” correctly 
expresses the function of this winding. 

Mr. Cramp has made a careful and fair comparison of the perform: 
ance of the two types of single-phase motor, but I must take 
exception to his conclusion under item 6. If you will consider the 
characteristic curve in Fig. 4, you will find that the synchronous 
speed is 600 r.p.m., full-load speed 535 r.p.m., and free-running speed 
1,325 r.p.m. Compare this with a similar repulsion motor, and you 
will find the full-load speed to be only one-half synchronous speed, so 
that the latter is the same as the free-running speed. This is done 
because the commutation of the repulsion motor is best at synchronous 
speed owing to the rotating field. 

The advocates of the series motors have designed their motors to 
operate at 25 periods, which is a recognised standard. I think you will 
find the demands so isolated for motors to operate on 40 periods that 
the manufacturers are quite justified in hesitating to develop a motor 
for this frequency, as the performance of either type of motor is 
inferior at the higher frequency. 

If Mr. Cramp will consider the conditions of the Indianapolis and 


‘Cincinnati line he will see wherein the repulsion motor is less flexible 


so far as change in voltage is concerned. 

In reply to Mr. O'Brien, I may say that air-cooled transformers are 
cheaper and equally good as oil transformers on voltages up to 6,000, 
but above that I think oil transformers should be used, because of 
their superior insulation, as they are less liable to absorb moisture, 
which must be borne in mind in this country. My personal preference 
is for all oil-insulated transformers. 
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EXPLANATION OF ABBREVIATIONS. 


[Р] signifies a reference to the general title or subject of a Paper. 
[2] signifies a reference to a subject incidentally introduced into a Paper. 


[D] signifies a reference to remarks made in a Discussion upon a Paper, of 
which the general title or subject is quoted. 

(d] signifies a reference to remarks incidentally introduced into a discussion 
on a Paper. à 


( Ref.] signifies a reference to the place of publication in the Technical Press 
of a Paper read at a Local Section, and not yet printed in this Journal. 


Note.—The lists of speakers in the Discussion upon any Paper will be 
found in the Table of Contents at the beginning of the volume. 
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ungen sur Geschichte der Medezin und Naturwissenschaften, Vol. IV., No. 
15. 8уо. 18 pp. Utrecht, 1905 

Presented by Silvanus P. Thompson. 


Commercial Cable Co. Soundings taken by the в.в. Camb» ta for the Commercial 


Cable Co.'s 1905 Waterville-Canso Cable. 8vo. 16 pp. London, 1905 
Cooper Hewitt Electric Co. The Cooper Hewitt Mercury Vapour Electric 
Lamp. 8vo. 28 pp. New York, 1905 


—-—.—— —- Cooper Hewitt Mercury Vapour Converter and Allied Apparatus. 
By P. H. Thomas. (Reprinted from The Technical World.)  8vo. 


15 pp. Chicago, 1905 
Cooper ГУ. R.]. Primary Batteries: their Theory, Construction, and Use. 
8vo. 330 pp. London, 1901 


Crofts ТА.) Нох to make а Dynamo. 4th ed. 8vo. 103 pp. London, 1892 
Presented by W. Duddell. 
Crompton & Co., Ltd. The Crompton Potentiometer. 2nd ed. 8уо. 26 pp. 
London, 1904 
Presented by R. E. Crompton. 
Curtis-Hay ward (A. C.]. Digest of the Law relating to Electric Lighting, 


Electric Power, Electric Traction, Telegraphs, Telephones, etc.  8vo. 
153 pp. | London, 1905 
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Darby [J. C. H.}. See Fisher, Н. К. C., and Darby, J. C. Н. 


Day, Davies, and Hunt. Handbook on Patents for Inventions. 8vo. 24 рр. 
London, 1905 
Dietl [G.]. Das Kleinbahnnetz in der Borinage. See Allgemeine Elektricitats- 
Gesellschaft. 
Electrical Engineer Institute of Correspondence Instruction. Electrical 
Engineering. A Series of Instruction Papers. 7 vols. 8vo. 
London and New York, 1908 
Presented by J. Wetzler. 
Electrical Exhibition, London, 1905. Official Catalogue of the Electrical 
Exhibition held at Olympia, London, 1905. 2nd ed. 8vo. 210 рр. 
London, 1905 
Presented by the Managers. 


Engineering Standards Committee. Report on the Effect of Temperature 


on Insulating Materials. Fol. 87 pp. London, 1905 
Report of the Locomotive Committee on Standard Locomotives 

for Indian Railways. 2nded. Fol. 12 рр. London, 1905 
Epstein [J.].  Ueberblick über die Elektrotechnik. Sechs populäre Experi- 
mental-Vortrüge. 8rd ed. 8уо. 98 рр. Frankfurt а|М., 1896 


Exposition Universelle, Paris, 1900. Rapport du Comité d'Installation. 
Musée Retrospectif du Groupe V. Electricité. Rapport de E. Sartiaux. 


4to. 115 pp. Paris (1900?] 
Presented by E. Sartiaux. 


Ewing (J. A.]. The Strength of Materials. 2nd ed. 8vo. 260 pp. 


Cambridge, 1908 

——-———— The Steam Engine and other Heat Engines. Stereotyped 
(3rd?) ed. 8уо. 456 pp. Cambridge, 1902 
—— Magnetic Induction of Iron and other Metals. 8rded.  8vo. 

411 pp. London, 1900 


Presented by the Author, per The Electrician Publishing Co., Ltd. 
Eyermann [W. H.] Die Dampfturbine. Ein Lehr- und Handbuch für Ken- 
strukteure und Studierende. 8vo. 220 pp. München und Berlin, 1905 
Presented by R. Oldenbourg, Publisher. 


Ferraris (G.] and Arnó [R.] Un nuovo sistema di distribuzione elettrica 


dell’ energia mediante alternative. 8vo. 81 pp. Torino, 1896 
Fisher ІН. К. C.] and Darby (7. C. H.]. Student's Guide to Submarine 
Cable Testing. 8rd ed. 8vo. 244 pp. London, 1905 

Fisher ГУ. С.]. The Potentiometer and its Adjuncts. 8vo. 204 pp. 
London, 1897 


Fleming (7. А.]. Scientific Lectures: 
Hertzian Wave Wireless Telegraphy, 1908. 
Alternate Current Transformers (Cantor Lecture), 1896. 
The Practical Measurement of Alternating Currents (Cantor Lecture), 1893. 
The Electronic Theory of Electricity, 1902. 


8vo. [London], 1898-1903 
A Handbook for the Electrical Laboratory and Testing Room 
2 vols. 8vo. London, 1902-1903 


Collection of Scientific Papers of. 2 vols. 8vo. 


[Londoni], 1874-1906 
* 
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Fleming (7. А.]. Electric Lamps and Electric Lighting. (A Course of Four 
Lectures delivered at the Royal Institution of Gt. Britain.) I. Electric 
Measurements. II. Glow Lamps. III. Arc Lamps. ТУ. Distribution. 
2nd ed. 8vo. London, 1899 

Magnets and Electric Currents; an elementary treatise for 

the use of Electrical Artisans and Science Teachers. 2nd ed. буо. 

417 pp. London, 1902 

—— Тһе Alternate Current Transformer in Theory and Practice. 

3rd ed. 2 vols. Vol. I. The Induction of Electric Currents. Vol. II. 

The Utilization of Induced Currents. 8vo. London, 1900 

The Centenary of the Electric Current, 1799-1899. (А 

Lecture delivered before the British Association at Dover, September, 1899.) 

8vo. 62 pp. London, 1899 

Waves and Ripples in Water, Air, and ther; being a 
course of Christmas Lectures delivered at the Royal Institution.  8vo. 
311 pp. London, 1902 

Foster (СО. С.) and Porter (A. W.]. Elementary Treatise on Electricity and 
Magnetism. Founded on Joubert’s “ Traité élémentaire d'électricité." 


pd 


— M ——— 


3rd ed. 8vo. 588 pp. London, 1905 
Fowlers Electrical Engineer's Year Book and Directory, 1908. 
8vo. 648 pp. Manchester, 1905 


Fowlers Mechanical Engineer's Pocket Book, 1906. 8уо. 516 pp. 
Manchester, 1905 

Presented by The Scientific Publishing Co. 
Ganz und Comp. Elektrische Vollbahnen mit Hochgespanntem Drehstrom. 
8vo. 93 pp. Budapest, 1905 
Traction Électrique sur les Chemins de Fer par Courants 
Triphases à Haute Tension, раг E. Cserháti et C. de Kandó. 8vo. 92 рр. 


Budapest, 1905 
Geipel [W.] and Kilgour (M. H.]. Pocket Book of Electrical Engineering 
Formule. 32mo. 829 pp. London, 1901 


Gilbert [W.]. On the Loadstone and Magnetic Bodies, and on the Great 
Magnet, the Earth. A new Physiology, demonstrated with many arguments 
and experiments. Printed at London, 1600. Translated by P. F. Mottelay. 


8vo. 408 pp. New York, 1893 
Presented by Silvanus P. Thompson. 


Hadley [H. E.]. Magnetism and Electricity for Students. 8уо. 575 pp. 
London, 1905 
Presented by Macmillan & Co., Ltd. 
Hayward (А. C. Curtis-]. See Curtis-Hay ward, A. C. 


Heaviside [О.]. Electromagnetic Theory. 2 vols. 8vo. London, 1893-99 
Presented by W. Duddell. 


Hedges,K.| Modern Lightning Conductors. An illustrated supplement to 
the Report of the Lightning Research Committee of 1905, with Notes 
as to the Methods of Protection and Specifications. 8vo. 127 pp. 

London, 1905 

Helmholtz (Н. von]. See Physical Society of London. Physical Memoirs. 


Vol. I. 
Presented by the Physical Society of London. 
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Henderson [J.]. Practical Electricity and Magnetism. 2nd ed. 8vo. 433 pp. 


London, 1904 

--------- Preliminary Practical Magnetism and Electricity. 8vo. 55 pp. 
London, 1900 

Herbert (T. E.]. Telegraphy. А detailed expcsition of the Telegraph System 
of the British Post Office. 8уо. 982 pp. London, 1906 

Presented by Whittaker & Co. 

-------- The Telephone System of the British Post Office. 3rd ed. 
8vo. 299 pp. London, 1904 


Heyland [A.]. Eine neue Wechselstrommaschine mit direkter Erregung 
durch Wechselstrom. (Reprinted from the E.T.Z.) 4to. 15 pp. 
Berlin, 1903 
------- An Asynchronous Induction Motor or Generator with a Power- 
factor of Unity. (Reprinted from the Electrician.) 8vo. 7 pp. 


London, 1901 
——  Agynchrone Generatoren für Ein- und Mehrphasenstrom.  (Re- 
printed from the E.T.Z.). 4to. 21 pp. Berlin, 1902 


Asynchroner Induktionsmotor bezw. Generator ohne Phasen- 
verschiebung (cos ф := 1) zwischen Strom und Spannung. (Reprinted from 


the E.T.Z.) 4to. 4pp. Berlin, 1901 
Beitrag zur graphischen Behandlung der verschiedenen Wech- 
selstromprobleme. (Reprinted from E.T.Z.) 4to. 14 pp. Berlin, 1896 


-—— 


Dreiphasen-Generatoren der Société Anonyme Électricité et Hy- 
draulique auf der Pariser Weltausstellung 1900. (Reprinted from Е.Т.2.) 
4to. 8 pp. Berlin, 1900 
--- Ein graphisches Verfahren zur Vorausberechnung von Trans- 
formatoren und Mehrphasenmotoren. (Reprinted from the E.T.Z.) 4%. 


10 pp. Berlin, 1894 
-—- Eine Methode zu Experiinentallen Untersuchungen an Induk- 
tions-Motoren. 2nd ed. 8vo. 38 рр. Stuttgart, 1904 
- Schnellbahnmotoren mit Phasenkompensirung. (Reprinted from 
the E.T.Z.) 4ю. 2 pp. Berlin, 1902 
Wechseletrommotor mit Anlauf unter hoher Belastung. (Re- 
printed from E.T.Z.) 4to. 6 pp. Derlin, 1897 
Hibbert [W.]. Magnetism and its Elementary Measurement. 8уо. 96 pp. 
London, 1904 


Hittorf (W.]. See Physical Society of London. Physica! Memoirs. Vol. I. 
Presented by the Physical Society of London. 

Home Office. Report and Minutes of Evidence taken before the Departmental 
Committee on the Use of Electricity in Mines, with Appendices, including 
the Special Rules for the Installation and Use of Electricity. Coal Mines 
Regulation Act, 1887. Fol. 278 pp. London, 1904 


Presented by W. H. Patchell. 
Hope-Jones[F.]. Electric Clocks. (The Electrician Primer, No. 79.) 8vo. 


24 pp. London, 1905 
---- Electric Time Service. (Reprinted from Fetlden’s Magazine.) 
8vo. 15 pp. London, 1905 


Electrical Time Service. (Reprinted from the Journal of the 
Inst. of Elect. Engrs. Vol. 29.) 8vo. 35 рр. Lonton, 1900 


Digitized by Google 


8 


Hospitallier [E.] and Montpellier (J. А.). L'Electricité à l'Exposition de 


1900. 3 vols. 4to. Paris, 1900-09 
Indian Telegraph Department. Administration Report for 1904-05. Fol. 
24 pp. Simla, 1905 
"International Catalogue of Scientific Literature. Chemistry. Third 
Annual Issue. 8vo. 1071 pp. London, 1905 
* Meteorology, including Terrestrial Magnetism. Third Annual 
_ Issue. Вуо. 235 pp. London, 1905 
Jones [F. Норе-]. See Hope-Jones, Е. 
Joule [J. P.]. Scientific Papers. 4 vols. 8vo. London, 1884-87 


Presented by the Physical Society of London. 
Joyce І8.). Examples in Electrical Engineering. 8vo. 240pp. London, 1903 
Kelsey Г\\. R.]. Continuous-Current Dynamos and Motors, and their Control 


(being a series of articles reprinted from the Practical Engineer). 8vo. 
448 pp. London, 1903 


Kershaw [J. B. С.]. See Booth (W. Н.) and Kershaw [J. B. C.]. 
Kilgour [M. H.]. See Geipel [W.] and Kilgour |М. Н. |. 
Kinzbrunner ІС.|. The Testing of Continuous-Current Machines in Laboratories 


and Test Rooms. Svo. 886 pp. London, 1904 
Die Prüfung von Gleichstrommaschinen in Laboratorien und 

Prüfráumen. 8уо. 403 pp. Berlin, 1904 
Die Gleichstrommaschine. 12mo. 142 pp. Leipzig, 1905 

The Diseases of Electric Machinery. Their symptoms, causes, 

and remedy. 8уо. 76 pp. London, 1904 
Korda [D.]. La Séparation Electromagnétique et Électrostatique des Minerais. 
8vo. 219 pp. Paris, 1905 


Presented by the Editor of Éclairage Electrique. 
Korting and Mathiesen. Das Bogenlicht und seine Anwendung. 4to. 152pp. 
Leipzig, 1899 

Langevin [P.] and Abraham [H.]. See Société Francaise de Physique. 

Lasche (O.]. Die Dampfturbinen der A. E.-G. See Allgemeine Elektricitüts- 
Gesellschaft. 

Loring ІН.). From the Beginning. (A History of the Robertson Electric 
Lamp.) 8vo. 118рр. London, n.d. 

Presented by the General Electric Co., Ltd. 

Lot: Chambre de Commerce. Rapport et étude sur l'emploi des Forces 
Hydrauliques du Lot par l'Energie Électrique présentés aux Congrés de 
Cahors et de Bordeaux, par T. L. Autesserre et G. Claude. 8vo. 24 pp. 

Bordeaux, 1902 

McAdie (А. G.) and Henry (А. J.]. Lightning and the Electricity of Air. 

(U.S. Weather Bureau, Bull. No. 26.) 8vo. 74 pp. Washington, 1899 
Presented by the U.S. Weather Bureau. 

Madgen (W. L.] Electrical Power Distribution and the Commercial Develop- 
ment of Provincial Districts. 8уо. 38 pp. London, (1899 ?] 

Manchester Steam Users' Association. А Sketch of the Foundation and of 


the past Fifty Years' Activity of the Manchester Steam Users' Association. 
8vo. 98 pp. Manchester, 1905 


Digitized by Google 


9 


Matthews (Е. J. А.). Electrical Motor Installations. 2nd ed. 8уо. 194 pp. 
: Manchester, n.d. 

Maxwell [W. H.]. British Progress in Municipal Engineering. А Series of 
Three Lectures. (National Engineering and Trade Lectures, Vol. I) Edited 


by В.Н. Morgan. 4to. 182 рр. London, 1904 
Presented by Archibald Constable & Co., Ltd. 


Maycock (№. P.]. The Alternating-Current Circuit and Motor. An Intro- 
ductory and Non-Mathematical Book for Engineers and Students. 2nd 


ed. 8vo. 259 рр. . London, 19C5 
Merril (E. А.]. Electric Lighting Specifications for the Use of Engineers and 
Architects. Svo. 218 pp. London, 1892 


Presented by W. Duddell. 


Metcalfe (С. C.]. Practical Electric Wiring for Lighting Installations. 8vo. 
203 pp. London, 1905 


Morgan [B. H.]. National Engineering and Trade Lectures. See Maxwell, 
.H. See Bjórling, P. R. See Brackenbury, C. E. 


National Physical Laboratory. Collected Researches. Vol. I.  4to. 


279 pp. London, 1905 
Report for the Year 1904. Svo. 45 pp. London, 1905 

Report of the Observatory Department for the Year 1904, with 

Appendices. Large 8vo. 49 pp. London, 1905 
سے‎ (Physics Department). Statement as to Tests and Measurements 
undertaken in the Department. 8уо. 48 pp. London, 1903 
New York Public Library. List of Works on Electricity in the New York 
Public Library. 8vo. 100 pp. New York, 1902 


O'Gorman [M.]. O'Gorman's Motor Pocket Book. 12mo. 387 pp. 
'estminster, 1904 
Parker (Т.|. The Inch and the Metre. (Reprinted from the Pall Mall Gazette.) 


8vo. 17 pp. London, [1905 ?] 
Parr [G. D. A.). Electrical Engineering Measuring Instruments for Commercial 
and Laboratory Purposes. 8vo. 336 pp. London, 1908 


Patent Office Library. Key to the Classification of the Patent Specifications 
of France, Germany, Austria, Norway, Denmark, Sweden and Switzerland 
in the Library of the Patent Office. 2nd ed. 12mo. 208 pp. 

London, 1905 

Subject List of Works on Agriculture, Rural Economy and 

Allied Sciences in the Libra y of the Patent Office. 19mo. 424 pp. 


London, 1905 

Penang. Municipal Electricity Supply Undertaking. Annual Report, 1904. 

Fol. 11 pp. George Town, Penang, 1905 
Perkin (Е. M.}. Practical Methods of Electro-Chemistry. 8уо. 332 pp. 

London, 1905 


Perrine (F. А. С... Power Plants of the Pacific Coast. (Reprint of Paper 
read before the N. Y. Electrical Society.) 4to. 24 pp. New York, 1902 
—- Long-Distance Transmission of Power. (Address delivered 

at Purdue University.) 8vo. 11 pp. Lafayette, Ind., 1905 
--------- Success in Long-Distance Power Transmission. (Reprinted 
from Technology Quarterly, Vol. XV.) 8vo. 14 pp. Boston, 1902. 
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Physical Society of London. Physica! Memoirs, selected and translated 
from foreign sources under the direction of the Physical Society of London. 
Vol. I. Part I. Helmholtz, Н. von. On the Chemical Relations of Electric 

Currents. pp. 1-109. 
Part IT. Hittorf, W. On the Conduction of Electricity in Gases. 
pp. 110-232. 
Puluj, J. On Radiant Electrode Matter, and the so-called 
Fourth State. pp. 233-331. 
Part III. Waals, J. D. van der. The Continuity of the Liquid and 
Gaseous States of Matter. pp. 332-496. 
8vo. 496 pp. London, 1891. 


Philadelphia Electrical Bureau. Annual Report for 1904. 8уо. 950 рр. 
Philadelphia, 1905 
Presented by John C. Sager. 


Picou [R. Ү.!..  Canalisations électriques. Lignes aériennes industrielles. 


8vo. 172 pp. Paris, 1898 
--- Га Distribution de l'Electricité. Usines Centrales. 9nd ed. 8vo. 
160 pp. Paris, 1898 
-—. Distribution de l'Électricité par Installations isolées. 2nd ed. 
8vo. 167 pp. Paris, 1897 
Poggi (С.]. П salone dei cimeli. 8уо. 140 pp. Como, 1899 
Poole (J.1. The Practical Telephone Handbook and Guide to the Telephone 
Exchange. 3rd ed. 8уо. 549 pp. London, 1906 


Presented by Whittaker & Co. 
Puluj 'J... See Physical Society of London. Physical Memoirs. Vol. I. 
Presented by the Physical Society of London. 
Purves |Т. F.]. Telegraph Switching Systems. 8уо. 127 pp. London, 1902 
Raccolta Voltiana. See Società Storica Comense. 


Randolph ГА. M.}. Colliery and Mining Switch-Gear for High- and Low- 
Tension Alternating-Current Service. (Reprinted from the Iron and Coal 
Trades Review.) 8vo. 12 pp. London, 1905 


Raymond-Barker [E.) Handbook of Cable-break Localisation. (Reprint of 
articles published in the Electrical Review.) буо. 68 pp. London, 1908-04 


-------- Cable-Stations: Gencral Working and Electrical Adjustments. 


(Electrician Primer, No. 62.) 8vo. 24 pp. London, 1905 
Rhodes [W. G.]. An Elementary Treatise on Alternating Currents.  8vo. 
223 pp. London, 1902 


Righi [A.]. La Théorie Moderne des Phénomènes Physiques. Translated 
from the 2nd Italian edition by E. Néculcéa. Préface de G. Lippmann. 
8vo. 127 pp. Paris, 1906 

Presented by the Editor of Éclairage Électrique. 


Rousset ІС... Annuaire de l'Électricité et des Industries électriques.  8vo. 
1170 pp. Paris, 1905 
Sartiaux [E.) Musée Retrospectif du Groupe V. Électricité à l'Exposition 
Universelle Internationale de 1900, à Paris. Rapport du Comité d'Instal- 
lation. 4to. 115 pp. Paris, 1900 
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Sartiaux [E.] and Aliamet (M.]. Principales Découvertes et Publications 
concernant l'Électricité de 1562 à 1900. Monographie du Musée retrospectif 
Francais de Électricité à l'Exposition Universelle de 1900.  8vo. 
267 pp. Paris, 1903 

Schneider (N. H.]. Modern Primary Batteries. Their Construction, Use, and 
Maintenance. 8vo. 106 pp. New York, 1905 

Schröder (L.) Calculation of the Power required for Electric Tramways. 
(Reprinted from the Е.Т.2.) 4to. 17 pp. Berlin, 1899 

Presented by the Accumulatoren-Fabrik Aktiengesellschaft. 

—— ———— Berechnung von Accumulatoren für Elektricitütswerke.  (Re- 

printed from the E.T.Z.) 4to. 17 pp. Berlin, 1891-92 
Presented by the Accumulatoren-Fabrik Aktiengesellschaft. 
Electric Street Railways with Stationary Accumulators. (Re- 


printed from the Е.Т.2.) 4to. 24 pp. Berlin, 1899 
Presented by the Accumulatoren-Fabrik Aktiengescllschaft. 


Semenza (G.]. Les Installations Hydro- Electriques de l& Haute Italie. 
(Reprinted from Mémoires de la Société. des Ingénieurs Civils de France.) 
8vo. 37 pp. Paris, 1905 


Sewell |Т.). The Elements of Electrical Engineering. А first year’s course 
for students. With an Appendix of Questions and Answers. 8rd ed. 


8vo. 459 pp. London, 1905 
Sharp [C. H.]. The Electrical Testing Laboratories, (Reprinted from the 
Electrical World and Engineer.) 8vo. 38 pp. New York, 1905 


Siemens Bros. & Co., Ltd. Direct Coupled Continuous-Current Siemens 
Generator for Lighting, Power, and Traction. 4to. 16 pp. London, 1905 


--------- Description of the Stafford Works. 4to. 39 pp. ^ London, 1905 
—— — — —— Recording Pyrometers (Thermo-Electric). 4to. Әрр. 
London, 1905 
——-—- -— Siemens’ Alcoholometer. 8vo. 18 pp. London, n.d. 
------------ Improved Tubular Iron Poles for Telegraph and Telephone 
Lines. 8vo. 8 pp. London, n.d. 
——.—— ——— Combined Electric Fire Annunciator and Watchman’s Control 
Apparatus. Svo. 8 pp. London, n.d. 
——--- The Siemens Mercury Contact Treadle for Railway Signalling. 
8vo. 10 pp. ‘London, n.d. 
——— Telegraph Station Apparatus. 8vo. 40 pp. London, n.d. 
-------- Siemens’ Magneto- and Dynamo-Electric Mine Exploders. 8vo. 
14 pp. London, n.d. 
----- Magneto-Inductor and Bridge, for Lightning Conductors. 8vo. 
8 pp. London, n.d. 
----- The Siemens Water Pyrometer. 4to. 6 pp. London, 1905 
--------- The Siemens Electrical Pyrometer. 4to. 11 рр. 
London, 1905 
— — —— —- Telegraph and Telephone Cables, Dry-Core Type. Dieselhorst 
and Martin's Patent. 460. 411. 4 pl. London, n.d. 


Smith [C. F.]. Practical Alternating Currents and Alternating Current Testing. 
8vo. 457 pp. Manchester, 1905 
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Smith [R. H.). Electric Traction. 8vo. 464 pp. London, 1905 
Commercial Economy in Steam and other Thermal Power 
Plants as dependent upon Physical Efficiency, Capital Charges, and Working 
Costs. 8vo. 8315 pp. London, 1905 
Societa Storica Comense. Raccolta Voltiana edita per cura della società 
storica Comense e del comitato per le onoranze a Volta. 8vo. Como, 1899 
Presented by C. Poggi. 
Société Française de Physique. Collection de Mémoires Relatifs à la 
Physique. 2e Serie. Les quantités élémentaires d'Électricité. Ions, 
Electrons, Corpuscules. Mémoire réunis et publiés par Н. Abraham её 


P. Langevin. Parts I.—II. 8vo. 1188 pp. Paris, 1905 
South Australia. Report of the Inter-State Astronomical and Meteorological 
Conference held at Adelaide, May, 1905. Fol. 11 pp. Adelaide, 1905 


Presented by Sir Charles Todd. 
Sprague [F. G.). The Story of the Trolley Car. (Century Magazine, July- 


August, 1905.) 8vo. 34 рр. New York and London, 1905 
Stewart [A.)] The Application of Electric Motors to Machine Driving. 3rd ed. 
8vo. 132 pp. London, 1905 


Presented by S. Rentell & Co., Ltd. 
Still [А.]. | Alternating Currents of Electricity and the Theory of Transformers. 


8vo. 190 pp. London, 1898 
Swinton ГА. А. C.]. The Elementary Principles of Electric Lighting. 6th ed. 
8vo. 64 pp. London, 1905 
پچ‎ --- The Principles and Practice of Electric Lighting. 8vo. 172 pp. 
London, 1884 

Synchronome Co. Electrical Time Service. 8vo. 90 pp. 

London, n.d. 
Presented by Е. Hope-Jonos. 

Thompson [S. P.]. See Boyle, Hon. Robert. 

————— Dynamo-Electric Machinery. 2 vols. Vol. I.—Continuous- 
Current Machines. Vol. II.—Alternating-Current Machinery. 7th ed. 
8vo. London, 1904-05 

—— —— —-—— Gilbert, Physician: A note prepared for the three-hundredth 
anniversary of the death of William Gilbert, of Colchester. 8vo. 32 pp. 

London, 1908 

-------- Harmonic Analysis reduced to Simplicity. (Reprinted from 
the Electrician.) 8vo. 12 pp. London, 1905 

Threlfal [R.]. On Laboratory Arts. 8vo. 350 pp. London, 1898 

Union Carbide Co. А Book about Light. (Acetylene Gas.) 8vo. 24 pp. 

New York, 1899 

Waals (J. D. уап der]. See Physical Society of London. Physical Memoirs. 


Vol. I. 
Presented by the Physical Society of London. 


Wade ГЕ. J.]. Secondary Batteries: their Theory, Construction, and Use. 
8vo. 501 pp. London, 1902 
Webb ІН. L.]. The Telephone Service: Its Past, its Present, and its Future. 
Svo. 118 pp. London, 1904 
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